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l Production of chlorine
1.1 Introduction
In Sweden, there are three chlorine production plants. One of them is operated by
Hydro Plast in Stenungsund. Virtually the whole output of this plant is used in the
EDC/VCM production. Since the site is chlorine deficient, Hydro Plast uses chlorine
from third parties. The two other plants in Sweden belong to the Akzo Nobel group.
Until recently, the paper and pulp industry was one of the major consumers of chlorine
in Sweden. The sharp decline in the use of chlorine in this market resulted in a
restructuring of the chlorine production in Sweden. The number of chlorine production
plants went down from five to three, and Sweden has become a net exporter of
chlorine.
1.2 Production processes
Chlorine is produced by electrolysis of a salt solution. The reaction products are
chlorine, caustic soda and hydrogen. The following reaction takes place:
2 NaCl + 2 H2O > 2 NaOH + H2 + C12
Normally, chlorine and NaOH produced react with each other to sodium chlorate.
Therefore, in the electrolysis the liquid at the anode has to be kept separated from the
liquid at the cathode. Several techniques are available for this purpose. In a mercury
cell electrolysis mercury cathodes are used which immediately dissolve the sodium
metal discharged at the cathode and render it inert. The sodium amalgam is treated
with water in a subsequent process to form a caustic soda solution and hydrogen. The
mercury is recycled into the process. In membrane or diaphragm electrolysis the two
parts of the cell are separated by a membrane or a diaphragm (usually made of asbe-
stos). In Sweden, two production plants use mercury cells: Hydro Plast in Stenungsund
and Eka Nobel in Bonus. The other (Eka Nobel in Skoghall) uses membrane
electrolysis.
1.3 Mass flows and emissions
1.3.1 Mass flows
KemI report 17/94 gives a comprehensive view of the flows of chlorinated substances
in Swedish society in 1992 (KemI, 1994f). For this PVC-chain study, the KemI report
contains data for all substance flows up to the use of raw PVC. Since more recent
production and market data have meanwhile been made available by Norsk Hydro, we
decided to use the latter. The earlier KemI data have been used as a cross-check.
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Besides, since the chlorine flows to production processes other than for PVC are not
within the system boundaries, the exact amount to these processes is less relevant. The
Norsk Hydro data have been collected for 1995. It can be assumed that the flows in
1995 will not differ too much from those of 1994, which is the base year for the rest
of the study. Data for production, import, export and use of chlorine in Sweden are
given in table 1.3.1. Only the chlorine flow to the EDC/VCM production is relevant
for the PVC-chain and will be followed in the next sections of this report.



























1) About 4 times higher then reported by KemI for 1992
2) About 2 times lower than reported by KemI for 1992
3) KemI reported a use of 5-8,000 tons in 1992. Possibly Norsk Hydro combined this use
with the MCA production. None of these differences are important for this study, since
it concentrates on the PVC-chain, and not on the other chlorine uses.
The mass balance for the production by Norsk Hydro in Stenungsund is given in table
1.3.2. It concerns data for 1995. About 114,320 ton of the chlorine produced is used in
the VCM production.




















1.3.2 Emissions and resource use
Emissions have been reported by Norsk Hydro (1996b). Specifically the emissions of
organochlorine micropollutants and mercury have diminished by a factor of 5 to 10
since 1992/1993. Dioxins have been detected in spent rubber and spent polyester from
the Stenungsund plant (Norsk Hydro, 1996b; Allsop, 1994). A complete change to
other materials has not yet been carried out, but so far the formation of HCB has been
partially stopped (Norsk Hydro, 1996e).
We inventoried the emissions related to the production of chlorine within Hydro Plast,
as far the chlorine is used for the production of EDC that is applied in the PVC
production. Apart from this, further allocation procedures were necessary. For example,
when chlorine is produced from NaCl in electrolysis not all emissions should be
allocated to chlorine but a part of it should be allocated to caustic soda which is
produced in the same process. Allocation of emissions is also necessary in the
production of EDC/VM and PVC, described in the next chapters. This paragraph
describes the basis of allocation used.
Among LCA researchers there has been a long and intensive discussion on the question
which basis should be used for this allocation. There is general agreement on that
allocation should be avoided as far as possible: whenever physical causalities can be
used to allocate emissions this should be done. In some cases, however, physical
causalities cannot be found and allocation on another basis becomes necessary. In this
study a choice could be made for either physical allocation on mass base or economic
allocation based on the price of the different products. One big disadvantage of
physical allocation on mass base is that a rather arbitrary choice is needed to choose
from the different physical units: mass, volume, etc. A disadvantage of the economic
allocation is that the prices of the products will fluctuate over time.
In this study allocation was performed on an economic basis. The allocation was used
for three processes:
1. the electrolysis in which NaOH, C12 and H2 are produced from brine;
2. the production of EDC/VCM from chlorine/HCl and ethene;
3. the production of p-PVC and s-PVC from VCM.
As discussed earlier, emissions were 'allocated' as far as possible to the different
products via physical causality. All remaining emissions were allocated via economic
allocation. As a basis for this economic allocation average market prices over the last
decade were used (Table 1.3.3) together with production volumes (table 1.3.4). For
chlorine the only data that could be found were for the years 1986 and 1990 For p-
and s-PVC were available in a later stage but were not used since a split on mass basis
seems more appropriate for these similar substances. Furthermore, since hydrogen is a
minor byproduct which is mostly used internally no emissions were allocated to it.
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The economic allocation factors can be calculated by multiplying the marketprice with
the productionvolumes of one of the outputs (to get the return for this output) and
divide this by the total return of all outputs. The results of these calculation are given
in table 1.3.4. Because only a part of the chlorine which is produced is used in the
production of PVC a correction is necessary. The amount of chlorine needed in the
production of PVC is about equal to the amount of chlorine in the produced PVC.
When this amount is divided by the amount of chlorine which is produced a correction
factor of 0.73 is the result. In contrast to chlorine, the amount of VCM needed is
higher than the amount which is produced. Dividing the amount of chlorine in the
produced VCM by the amount of chlorine in the produced PVC gives a correction
factor of 1.36.















101,526 no data used 0.69
45,654 no data used 0.31
chlorine product- correction factors








































































































































In table 1.3.4 the results of both the physical causality and the economic allocation are
given for the chlorine production process. All emissions, waste streams, and the
electricity consumption are allocated on an economic basis. One could argue that
allocation on mass basis would have lead to a higher allocation of emissions to
chlorine, and that this allocation favoures the PVC-chain. In principle this is true.
However, the most important emissions for the toxicity themes (notably dioxins) come
from sources that have been allocated on the basis of physical causality totally to the
PVC-chain (see next paragraph). The mercury emissions have a relative low score and
even doubling or tripling the allocation factor would not result in other conclusions in
part 1.
1.4 Remarks and discussion points
Chlorine production plants have been an important source of dioxins, specifically in
cases when graphite electrodes were used (Svensson, 1993). Such electrodes are not
used anymore in today's plants. Problems still exist with contamination of sludge, with
dioxins from the water treatment, that is landfilled.
For the whole Stenungsund plant, a good insight exists into mass balances of the most
important chlorinated micropollutants like dioxins chlorobenzenes and chlorphenoles.
Also the total emission of individual chlorinated compounds accords reasonably with
the values for sum-parameters like Absorbable Organic Halogens (AOX). Though the
reported emissions of chlorinated micropollutants is rather low, sediment surveys near
the Stenungsund plant show concentrations of HCB and other micropollutants. We
refer to the discussion on chlorinated micropollutants in chapter 2 of part II.
Hydroplast has set itself emission reduction targets for mercury in 1997. The total
mercury emission to air will have to be lowered from 22 kg in 1995 to 18 kg in 1997:
a reduction of 18 %. No reduction for mercury emissions to water is foreseen, but
reductions for COD and nitrogen are planned. In line with targets set in international
fora like OSPARCOM and the North Sea Ministers Conference, Hydroplast has
declared its intention to leave the amalgam method for the chloro-alkali production in
2010. This statement is confirmed in a letter from Hydro Plasts managing director
(Norsk Hydro, 1996f)- We used this zero emission for mercury as Hydro's policy target
in figure 4.6.2 in the main report. In the same letter, Hydro Plast states to strive for a
virtual elimination of the emission of persistent organic pollutants (POPs) by 2005. For
the use in figure 4.6.2 in the main report of this project, on the basis of information of
Hydro Plast staff this has been interpreted as a 90 % reduction of the emissions of
dioxins to water and air compared to 1995 (Norsk Hydro, 1996e).
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2 Production of ED C and VCM
2.1 Introduction
Hydro Plast in Stenungsund is the only producer of EDC and VCM in Sweden. The
production of these two materials is very interlinked. Therefore, the production of EDC
and VCM are discussed in one chapter. The main market for VCM is its captive use in
the PVC production at Stenungsund. A negligible amount of VCM is used by third
parties. There is no EDC used in Sweden other than for VCM production. In general
there are exports of excess EDC; sometimes there are imports of VCM.
2.2 Production processes
The vinyl chloride monomer (VCM) is produced from ethylene, chlorine and oxygen in
accordance with the following overall reaction (Allbright, 1976):
(1) 2 CH2 = CH2 + C12 +
 l/2 O2 > 2 CH2 = CHC1 + H2O
There are a number of distinct steps in this process. Figure 2.2.1 gives an illustration
of a typical production plant for EDC and VCM. The intermediate product dichloroet-
hane (EDC) plays a central role in the process. EDC is prepared by direct chlorination
or oxychlorination:
for direct chlorination, ethylene and chlorine are used:
(2) CH2 = CH + C12 > CH2C1-CH2C1
EDC acts as a solvent. The two gaseous reactants are added in practically equal
measures to the solution at around 50°C. The heat of reaction is used to evaporate the
EDC that is produced. Iron chloride is used as a catalyst.
in oxychlorination, ethene, hydrogen chloride and oxygen are used.
(3) CH2 = CH2 + 2 HC1 + Vt 02 > CH2C1-CH2C1 + H2O
This -reaction occurs at 220-240°C and under increased pressure (4 bar). Copper
chloride is used as a catalyst.
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The EDC that is produced is cooled and then washed with water and caustic soda to
remove HCI, C12 and contaminants that are soluble in water. Water is removed from the
EDC by distillation.
In the above reactions, chloroethane, trichloromethane, tetrachloromethane, 1,1,2-
trichloroethane and tetrachloroethane are produced as byproducts, as well as traces of
chlorinated aromatics. The EDC is cleaned of these contaminants by distillation. The
byproducts together account for less than 2.5% (ECOTEC 1991).
After being treated, the EDC is converted into VCM by pyrolysis at around 500°C and
10 bar.
(4) CH,C1-CH,C1 > CH, = CHC1 + HCI
This produces various chlorinated and non-chlorinated byproducts. These, together with
non-reacted EDC, are put back into the process. The HCI that is released is in general
re-used in the oxychlorination. During the process solid waste is released in the form
of carbon from process filters, calcium chloride from the drying of process flows and
sewage sludge.
Hydro Plast has, like some other EDC/VCM production facilities, its own incinerator
for highly-chlorinated liquid and gaseous waste. Such an incinerator can convert the
byproducts from the EDC production into HCI that is discharged. In order to destroy
any halogenated organic compounds that are present the solid waste, like filter
materials and sewage sludge, should preferably be incinerated as hazardous waste; in
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Stenungsund it is landfilled. Dioxin contamination of such sludge that was landfilled,
has been reported in Germany and Norway (Plinke, 1994; Allsopp, 1994). Norsk
Hydro's sludge is also contaminated, still landfilled but will be incinerated in the future
(Norsk Hydro, 1996b and 1996e).
2.3 Mass flows and emissions
2.3.1 Mass flows
The mass flow data have been based on Norsk Hydro data for 1995, cross-checked
with data over 1992 from KemI report 17/94. We refer to section 1 for the arguments
for using these data. Data for the chlorine balance of the EDC/VCM-production are
given in table 2.3.1. Only the figure for VCM is relevant for the PVC-chain and will
be followed in the next section of the report. The data are for 1995. The 1995 data
show that there is a rather big gap between the chlorine inflow at the plant in
Stenungsund and the amount of chlorine that flows out as EDC and VCM to other
applications. Such differences can be partially explained by stock differences. Another
part will be lost as emission of chlorinated compounds. In 1994 a part of the EDC was
still sold for uses other than PVC. After pressure from environmental groups among
others, all sales other than for VCM/PVC production has stopped. No waste is
incinerated from third parties. So far, the HC1 from the incinerator is released to sea
together with sodium hypochlorite also formed in the scrubbing. Research is conducted
to eliminate these flows; the goal is to terminate at least the HC1 release.
Table 2.3.1 EDC/VCM production and market balance in Sweden in 1995 (in ton
chlorine; in italics: in ton substance)
Inflow in section [Outflow from section
Chlorine input from own
production
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plus import)1



















2.3.2 Emissions and resource use
Emission and resource use data for 1995 for the Hydro Plast plant in Stenungsund
have been obtained from Norsk Hydro (1996b). Allocation was also necessary here.
We refer to paragraph 1.3.2 for the allocation procedure. In table 2.3.2 the allocation
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results are given for the EDC/VCM production. As can be seen from the remarks in
the table most emissions are allocated on the basis of physical causality. The physical
causality is based on information provided by Norsk Hydro. In the further calculations,
chlorobenzenes and chlorophenoles have been evaluated using the (worst case)
equivalency factor for hexachlorobenzene. For chloroethanol no equivalency factor was
available, but it can be safely assumed that the score of chlorophenoles and -benzenes
will be dominant due to their high toxicity.
2.4 Remarks and discussion points
2.4.1 Quality of the emission inventory
This paragraph discussed all the emissions from EDC/VCM production that are in
general focal points of environmental concerns, including substances like dioxins,
chlorobenzenes and chlorphenoles. For these substances not only have emission data
been measured, but Hydro Plast in fact worked out mass balances for the whole plant.
There are numerous sources that report emission data for the Hydro Plast plant and
they report, within normal margins of uncertainty, data which are mutually consistent.
We refer to emission data from Hydro's Environmental Survey of the Petrochemicals
Division (Norks Hydro, 1996b), additional data reported by Hydro Plast (1996e) and
four studies performed by FVL (Johansson, 1994 and 1995; Fejes et al., 1994 and
1996). In fact, Hydro Plasts emission data are even in accordance with statements
made by Greenpeace on the dioxin content in waste water from EDC/VCM production
plants. Allsop (1994: p33) reports for a Solvay plant a discharge of 15.7 pg/1 TEQ
dioxins to water. Hydro Plast discharges per year 800,000 m3 waste water from the
waste water treatment plant containing 0.0075 g TEQ dioxins (Norsk Hydro, 1996b
and 1996e). This equals a concentration of 10 pg/1.
Greenpeace regards such data as confirmation that 'this industrial sector might be an
important contributor of certain dioxin congeners' (Allsop, 1994: p32). A study of the
University of Amsterdam commissioned by Greenpeace was recently published, which
further analyses this aspect (Schooneboom, 1996a). The study also addresses the
EDC/VCM/PVC production and we used it to cross-check our data. Relevant for this
PVC-SFA was a reported dioxin contamination of EDC. A cross-check with original
literature showed that a contimanation of 55 ng/kg OCDF was reported by Heindl
(1987). Discussion with the sponsor and the authors of that study resulted in agreement
that this figure was mistakenly taken over as 55 TEQ TCDD in Schooneboom's report.
A correction on this and some other errors has recently been published by the
University of Amsterdam (Schooneboom, 1996b). In terms of toxicity equivalents,
55ng/kg OCDF means 0.055 ng/kg TEQ, which is a totally negligible amount of some
mg TEQ TCDD or less in the total Swedish production of EDC (v. Zorge, 1989).
Recent research reported by Carrol et al. (1996) confirmed the order of magnitude of
concentrations reported by Heindl. Schooneboom (1996b) reported also contamination
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Table 2.3.2: Allocation in the EDC/VCM production process. Emissions in kg, for 1995
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of PVC with 0.86 to 8.69 ppt TEQ. This was based on a study by Swedish EPA in
which two samples were taken (Allsop, 1994). Since the EDC-production by
oxychlorination is in general indicated as the most suspected source of dioxins in the
PVC-production, it is rather strange this reported contamination in PVC (produced
from EDC) is higher than for EDC itself. In case the whole Swedish PVC use of about
100,000 tons (see next paragraph) were contaminated, this would represent an amount
of 0.09 to 0.9 g TEQ TCDD. An extensive review by the ECVM, carried out by AEA
laboratories shows that PVC is virtually free of dioxins and, taking into account the
detection limits reached, certainly can not be contaminated with such levels (Wagenaar,
1996). Similar results were reported by Carrol et al. (1996); Isaksen (1996) reports
similar results for PVC's precursor VCM. Wagenaar indicates it is quite difficult for
laboratories to reduce background levels to sub ppt-levels, which might be an
explanation of the 2 samples with higher levels. It is also suggested that high amounts
of dioxins are present in unpurified waste water streams. Research of Evers (1996)
shows significant amounts of TCDD in sediments and suspended particles in the Rhine
and Rotterdam harbour. Akzo Nobel Botlek reported in a footnote in her annual
review for 1992 an emission of 200 g TEQ TCDD before a sanitation programme. In
later reports Akzo Nobel reports a dioxin emission of 6 mg TEQ per year, claiming a
99.8 % purification efficiency (Akzo Nobel, 1995). With these data it can be estimated
that 3 g TEQ TCDD is present in the unpurified stream, which could also indicate the
emission before the installation of the purification plant. Emissions of this order of
magnitude have indeed been officially reported by the Dutch water authorities for this
period (Wunderink, 1993). Most emissions reported from modem plants are 15 pg/1 or
less to water, in general corresponding to mass flows of less than 0.1 g/yr (a.o. Carrol,
1996; Allsop, 1994). Schooneboom further mentions the possibility that
oxychlorination plants might produce up to 2.8 kg TEQ dioxins a year, which equals
the amount produced in Dutch waste incinerators. This is based on dioxin
concentrations reported in EDC synthesis experiments on laboratory scale (Evers,
1989)1. These values are in contrast with mass balance studies Norsk Hydro has
performed for their full-scale plants. For the plant in Rafnes and Stenungsund these
mass balances show an annual production of 10 to 40 gram TEQ dioxins under
practical conditions (Norsk Hydro, 1996g). An other PVC-producer states that for his
plants amounts are also of this order of magnitude (EVC, 1996). A review of the
Dioxin '96 conference in Amsterdam stated: "The discussion around PVC was a major
subject in the 'pro' and 'con' debate. The scientific data published so far shows, using
modern technology, that neither the product itself, nor the production process is a
source of PCDD/PCDF. However, old technology was an argument in the debate of
Based on 4.2 ng TEQ/g EDC formed in Ever's oxychlorination laboratory
experiment and a Dutch production of 700,000 ton EDC (Bremmer, 1994).
Schooneboom (1996b) mentiones that only 1/3 of the EDC is produced by
oxychlorination, but the result of 2,8 kg TEQ presented assumes that all 700,000
ton is produced this way. An estimate of about 950 grams instead of 2.8 kg TEQ
should have been reported for the Dutch oxychlorination plant, leaving aside the
question if Ever's concentrations are representative for operational plants.
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future 'sunset' chemicals; e.g. the high PCDD/PCDF concentrations in the Rotterdam
harbour are attributed to older PVC production processes" (Fiedler, 1996).
Reviewing this discussion, we feel that for the substances which are well measured by
Hydro Plast, like dioxins, chlorobenzenes and chlorophenols, the mentioned reports do
not give sufficient reason to question the basis of our emission inventory data. We
would be surprised if it turned out that we missed significant emissions of dioxins,
chlorobenzenes and chlorophenols for the Hydro Plast plant. The only potential gap
might be that accidental releases (including those from flue gas incinerator stops for
example) are on average higher than the accidental releases reported for 1995, which
we included in the inventory. In our opinion a more important question is whether,
besides these substances, other substances are emitted that show persitent,
bioaccumulative and toxic properties. Table 2.3.2 shows a total AOX flow from the
water purification plant of 430 kilo's. The total discharge of individual chlorinated
compounds is 500-700 kg, mainly chloroethanol and chlorophenol. With 50 % or more
chlorine per substance this results in 250-350 kg chlorine. Since AOX is only a very
rough indication and sometimes even includes inorganic halogens, these values can be
regarded as being in fair agreement. It is still possible that substances other than those
reported are emitted, but the amounts then should be relatively low. However,
experience shows that the toxicity of low amounts can not always be neglected (see:
the peer review in Tukker et al., 1995b; Colborn, 1996; Johnston, 1992).
In brief, one could state there is no consensus on whether other harmful components
might be emitted that have not been identified by today's measurement methods
(specifically in waste water). Toxicity tests and sediment surveys give no clear cause
for concern, though substances like HCB have been detected, the quantities released
are measured and thus there is no uncertainty. The probability that important
substances have escaped our attention thus seems low. However, existing studies can
not give a 100% certainty (SFT, 1993; Tukker et al., 1995b). Further assessment of the
harmfulness or otherwise of the chlorinated emissions is suggested.
2.4.2 Hydro Plast's emission targets
Hydro Plast's managing director issued a public statement on Hydro Plast's emission
targets, both on short-term as on long term (Norsk Hydro, 1996f). It states to strive for
a virtual elimination of the emission of persistent, bioaccumulative and toxic
substances (pbt's) by 2005. For the use in figure 4.6.2 in the main report of this
project, on the basis of information of Hydro Plast staff this has been interpreted as a
90 % reduction of the emissions of dioxins to water and air compared to 1995 (Norsk
Hydro, 1996e). The target is a reduction of dioxin emissions to air of 90 % in 2000
and a reduction of dioxin and chlorophenol emissions to water of 90 % by 2005.
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3 Production of PVC
3.1 Introduction
Hydro Plast is the sole PVC producer in Sweden. Two types of PVC are produced:
paste-PVC (p-PVC) and suspension-PVC (s-PVC), making use of imported and inter-
nally produced VCM.
3.2 Production processes
There are three basic routes for the production of PVC from VCM, with different
principles for the process of polymerisation (ECVM, 1995):
suspension polymerisation;
emulsion or micro-suspension polymerisation;
mass polymerisation.
We have concentrated here on the suspension polymerisation process, which is the
most commonly applied.
VCM is fed to a reactor in doses, together with a suspension stabiliser, a pH buffer, an
anti-foam agent and an initiator (organic peroxides). VCM reacts to PVC as follows:
(1) n CH2 = CHC1 > CH2 - CHC1 - CH2 - ChCl -
When a conversion rate of 80 to 90% is reached, the polymerisation is stopped with
the aid of an inhibitor. After recovery of unconverted VCM, the suspension is filtered
and temporarily stored. Residues of VCM are then stripped with open steam and
transported to a gasometer. In fact, all water flows with a VCM content undergo this
treatment before being pumped to a water treatment plant. Closed reactor technology
has been introduced in two of Hydro Plast's PVC plants to prevent VCM emissions as
much as possible.
The VCM-free suspension is processed into dry PVC powder by centrifugation and
drying. The air used for this is released into the atmosphere via a bag filter. VCM is
recovered from various gas flows containing VCM with the aid of a condenser. PVC is
produced in batches. Before the reactor is refilled it is first rinsed with water to remove
residues of PVC.
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3.3 Mass flows and emissions
3.3.1 Mass flows
The mass flow data have been obtained from Norsk Hydro. A distinction is made
between s-PVC and p-PVC, since these PVC types are used in different applications
and also are produced in different production lines - with different emissions. Imports
and exports are estimates by Norsk Hydro, based on its own market knowledge and
import/export statistics. The data are given in tables 3.3.1 and 3.3.2 and are valid for
1994. In order to establish a transparent link with the segments on manufacturing of
PVC products table 3.3.3 gives the Swedish application markets for raw PVC. All data
have been reported by Norsk Hydro. They are reasonably in line with earlier reported
market data from e.g. Norrthon (1994), KemI (1994a) and APME (1996). The specific
data on paint/plastisol are data for 1992 and have been taken from Norrthon (1994).
The total of this minor market segments fits in fairly well with the category 'Others'
reported by Norsk Hydro. It has been assumed that the 1994 situation in these markets
does not differ too much from 1992, for which Norrthon has made his estimates. The
minor product group 'PVC-foam' reported by Norrthon (900 tons) is included in the
Norsk Hydro statistics as part of the product categories 'flooring' and 'coated fabrics',
since the material is in most cases part of these products. Since the former paragraphs
gave the production of VCM for 1995, a correction has to be made for the use in
1994. The deficit/surplus can be regarded as a virtual import/export of PVC, and has
been incorporated in the column 'import' in table 3.3.2.










Outflow from section (1994)
Production p-PVC
Production s-PVC




Table 3.3.2: Market balance for PVC resin in Sweden (in ton pure PVC)






















Includes correction for differences between the 1995 and 1994 production
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3.3.2 Emissions and resource use
Emission and resource use data for 1993 from the Hydro Plast plant in Stenungsund
have been obtained from Norsk Hydro (1996b). Table 3.3.3 gives the estimated totals
related to the PVC production in Sweden. For the allocation procedure used reference
is made to paragraph 1.3.2. Most emissions are allocated on a economic basis but as
can be seen in the remarks for a number of emissions, physical causality was provided
by Norsk Hydro. CFCs were still emitted in 1995, but will be phased out in line with
the Montreal protocol and the later amendments.
Norsk Hydro's emission data have been cross-checked with data from the LCA-
databases from CML and TNO, and the data for Dutch chlorine plants inventoried in
the Dutch chlorine chain study. No unexplainable differences were found.
3.4 Remaries and discussion points
With regard to the formation of chlorinated micro-pollutants, product contamination
and the quality of the emission inventory we refer to the extensive discussion in the
preceding paragraph. Some additional remarks for the PVC production are made below.
Emissions to water
After stripping the water is 'VCM free', which seems an adequate qualification in view
of the high vapour pressure of VCM (3.4 bar at 20°C). There will probably be some
emission into the water of the agents (organic peroxides, interfacial active substances,
inhibitor, methanol, pH buffers and anti-foam agent; SPIN 1993). There are no
indications that VCM emissions, other than to air, require attention from an envi-
ronmental point of view (Janus, 1994).
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detection limit taken as worst case
other 67% to EDC/VCM
physical causality
other 50% to EDC/VCM
other 50% to EDC/VCM
other 50% to EDC/VCM
other 50% to EDC/VCM
Emissions to air
The major emissions into the air are of VCM and PVC powder, mainly from diffuse
sources. In the Netherlands in 1984 concentrations of VCM at 1 to 5 kilometres from
production plants were already more than a factor of 10 below the Maximum Tolerable
Risk level and close to the Negligible Risk level (Janus, 1994). Further reductions have
been or will be realized between 1984 and 2000 (IMT, 1993). For the Dutch situation,
the Dutch National Institute for Public Health and Environment therefore proposes
removing VCM from the priority substance list (Janus, 1994). The production of PVC
itself receives little attention in most of the literature on organic byproducts containing
chlorine (Greenpeace, undated). In the extensive Dutch dioxin monitoring programme
PVC production plants were not regarded as a priority for monitoring (Bremmer,
1994).
Contamination of products
Adequate stripping of the PVC suspension is necessary to minimize the concentration
of VCM in the final product (Plinke, 1994). VCM which is not removed will be
emitted to air during further processing and handling. After adequate stripping and
drying, PVC contains less than 5 mg VCM/kg PVC, and less than 1 mg/kg for food
grades and medical applications (ECVM, 1995). For the 100,000 tons of PVC used in
Sweden, this means at most 0.5 tons residual VCM is present that could be released in
manufacturing processes. This maximum emission is negligible compared to the
emissions from the Stenungsund plant and therefore not taken further into account.
Concerning Hydro Plast emission reduction goals, the following can be remarked. It
can be calculated that VCM emissions to air from PVC production in the Hydro Plast
plant in Stenungsund were about 0.01 kg per ton suspesion PVC and about 1.1 kg per
ton emulsion (p-)PVC in 1995. In a new decision by the Franchise Board for
Environmental Protection (53/96, 17 April 1996) it was stated that the emission from
PVC production shall not exceed 80 ton/yr vinyl chloride and 110 ton/yr VOC (except
vinyl chloride) for a production level of 180,000 ton PVC a year (FEE, 1996). The
emission target for vinyl chloride from emulsion PVC production is 1.0 kg per ton
PVC, from 1997, and according to measurements in 1996 this target has already been
reached. Hydro Plast targets for VCM and VOC emissions to air in 1997 are 45 and
100 ton respectively.
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4 Manufacturing of pipes
4.1 Introduction
The manufacture of pipes and flooring is the largest market segment for PVC in Swe-
den. Unlike most other PVC products, pipes are directly used as end-products. Their
production and market is discussed in this segment.
4.2 Production processes
Pipe production usually takes place making use of an extrusion process. Extrusion is
one of the most convenient and least expensive fabrication methods, particulary for
obtaining sheet, pipes, profiles and films. The melted polymer is forced through a
nozzle, the shape of which determines the shape of the object. Extrusion is also used
for plasticizing the polymer before injection moulding or to develop a parison for blow
moulding.
4.3 Mass balances, emissions and resource use
In 1994 about 28,800 ton of pure PVC was used in the pipe production in Sweden. In
the pipe production, several additives and fillers are added to the PVC. Norsk Hydro
has provided recipes for product categories, typical for the Swedish situation (Norsk
Hydro, 1996a). More detailed estimates from the NPG were only available for lead,
and they have been used here (NPG, 1995). The most important stabiliser is lead
stéarate. A typical energy use for pipe extrusion is about 3-5 MJ per kg pipe (Moller,
1995; Caesar, 1992); it is possible that the energy requirements now are even lower: 1-
2 MJ/kg (PVC-Forum, 1995). Since this energy requirement is marginal compared to
the energy requirement in the prior parts of the PVC-chain, we used the higher,
generally accepted values here. During the manufacture of PVC products, some
emissions of VOC and small losses of heavy metals from stabilisers and pigments can
also be expected. They are not mentioned in most LCA-databases or studies (e.g. v.d.
Berg, 1996; Frischknecht, 1994), but this seems a simplification. Stabiliser and pigment
losses are possible due to cleaning of equipment and unintended dispersion, specifically
if granular material is used. Eijssen (1993) mentions a worst-case loss of 0.1 % for
granular additives. He indicates that this figure can be considerably lower for non-
granular additives. As an indication we used Eijssen's worst case emission figure for
emission to air (see also TNO, 1992). During manufacturing of rigid PVC some VOC
emissions are possible if the stabilisers contain solvents. However, with a typical
solvent content of 10 % (TNO, 1992) and under the condition that adequate emission
reduction measures are taken (with 95-99 % efficiency), VOC emissions will be about
1 ton or lower. This amount can be neglected compared to VOC emissions from e.g.
the PVC production. The amount of residual VCM in PVC is less than l ppm (TNO,
1992; ECVM, 1995). Even with a 100 % loss these VCM emissions can be neglected
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compared to those in the PVC production. For other substances no information about
emissions was available, and possible emissions had to be neglected. Environmental
interventions related to transport are neglected as well.
Table 4.2.1 gives a review of the emissions and resource use in the pipe production,
both for 100 parts per hundred resin (phr) pure PVC and the whole Swedish producti-
on. The total estimated use of lead stabiliser fits in reasonably well with earlier esti-
mates from KemI (1994b and 1995b).
Table 4.3.1 Emissions and resource use related to the Swedish pipe production (in
ton substance)
Intervention

























Sweden imports and exports a considerable volume of pipes. Norsk Hydro has made
available data on imports and exports, partially based on its own market knowledge
and partially based on data from Statistics Sweden. The data are reasonable comparable
with the estimates of Norrthon (1994) for 1992. Table 4.4.1 gives the imports and ex-
ports of pipes for Sweden and the resulting domestic market. It is assumed that the
imported pipes have the same composition as the pipes produced in Sweden. Virtually
all pipes are used in end-use applications in the building and construction area.










5 Manufacturing of flooring
5.1 Introduction
The production of flooring is the second largest market for PVC in Sweden. This
market is far more important than in the rest of Europe, which reflects the important
position of Sweden in the production of PVC and other flooring, like parquet. This
section discusses the production of and market for PVC flooring in Sweden. The
production of vinyl wall paper and roofing have been excluded from this section. They
are discussed in the section on coated fabrics.
5.2 Production processes
In Sweden, two processes are used to produce PVC flooring. The first one is
calendering, normally used for processing relatively thick films and foil (40 to 1000
um). The foil is shaped by leading the polymer through a system of heated rollers. The
thickness is determined by regulating the distance between the roller pairs. The second
is spread coating. In this process, a glass fibre is usually applied as a substrate. Several
layers, each with its own function, are applied to the glass fibre. The product is a so-
called 'cushioned flooring' since it typically involves at least one foam layer.
5.3 Mass balances, emissions and resource use
In 1994 about 28,600 tons of pure PVC was used in the Swedish flooring production.
In this process, several additives, plasticisers and fillers are added to the PVC. Norsk
Hydro has provided recipes for product categories, typical for the Swedish situation
(Norsk Hydro, 1996a). Some sources estimate the use of plasticiser in recipes given
here might be somewhat lower than average (Poppe, 1996b). Because of time
constraints, it was decided to work with the Norsk Hydro data in this relatively limited
project and not to make a more detailed estimate of the composition of the flooring.
In principle, p-PVC is used in spread coating processes and s-PVC in calendering. A
typical energy use for calendering is about 6 MJ per kg PVC (Moller, 1995; Caesar,
1992). The energy use for coating is in the same order of magnitude: 8 MJ/kg (Caesar,
1992). A part of the plasticiser will be emitted. Data have been reported to Norsk
Hydro by flooring producers; one producer with minor emissions is not included in
these data. The breakdown given for emissions to air between calendering and spread
coating is also based on these data (Norsk Hydro, 1996d). Their data accord reasonably
well with the generally accepted emission factor of 0.03 % of the plasticiser use for
calendering, but are a factor of 5 lower than the generally accepted emission factor of
0.25 % for coating (Sundmark, 1995c; Peijnenburg, 1991). For 1989, the reported
emissions were much higher (Neste, 1991; Norsk Hydro, 1996d). The most probable
explanation is that due to the abatement measures taken since 1989 the emission factor
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of 0.25 % is now too high an estimate for the Swedish situation. The emissions
reported by Norsk Hydro are totals for DEHP plus BBP. Estimated emission volumes
of DEHP and BBP emissions have been calculated, assuming that the emission
volumes are proportional to the use of the individual plasticiser.
During the manufacture of PVC products, some emissions of VOC and small losses of
heavy metals from stabilisers and pigments can also be expected. They are not
mentioned in most LCA-databases or studies (e.g. v.d. Berg, 1996; Frischknecht,
1994), but this seems a simplification. Stabiliser and pigment losses are possible due to
cleaning of equipment and unintended dispersion, specifically if granular material is
used. Eijssen (1993) mentions a worst-case loss of 0.1 % for granular additives. He
indicates that this figure may be considerably lower for non-granular additives. As an
indication we used Eijssen's worst-case emission figure as an emission to air (see also
TNO, 1992). VOC emissions for the manufacturing of products with flexible PVC are
estimated at 30 g/kg PVC for a typical situation in the eighties (TNO, 1992), when in
general no emission abatement measures were taken. These VOC emissions are mainly
caused by solvent losses, including those present in the raw materials. In case of
adequate VOC emission abatement, reductions of 95-99 % can be expected. For the
current situation emission factors in the order of magnitude of l g/kg PVC therefore
seem more adequate (Eijssen, 1993). Here we used an emission factor of l g VOC per
kg PVC. The amount of residual VCM in PVC is less than l ppm (TNO, 1992;
ECVM, 1995). Even with a 100 % loss these VCM emissions can be neglected
compared to those in PVC production.
No process emissions to water take place. However, due to the cleaning of trucks that
transport the plasticisers a worst-case emission to the sewage system of 1 kg per truck
load of 20 tons (0.005 %) can be calculated (Cadogan, 1994). The actual emission
might be lower due to the fact that dedicated truck systems are used: trucks that only
transport phthalates, and thus need less cleaning. It is most likely that such emissions
are towards a sewage system, but this was not taken into account. For other substances
no information about emissions was available, and possible emissions had to be ne-
glected.
Table 5.3.1 reviews the emissions and resource use, both for 100 parts per hundred
resin pure PVC and the whole Swedish production. The total estimated plasticiser use
fits in fairly well with the estimates of flooring producers and the total plasticiser use
in Sweden as reported by KemI (Norsk Hydro, 1996d; KemI, 1995b). The total esti-
mated use of Ba/Zn stabiliser corresponds reasonably well with earlier estimates from
KemI (1994b and 1995b). According to KemI, about 10 tons of organotin and 35 tons
of Ca/Zn are used as a stabilizer or additive for floorings. Though not reported in the
recipes from Norsk Hydro, this additive use is taken into account as well.
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Sweden imports and exports a considerable amount of flooring. Norsk Hydro has made
available data on imports and exports, partially based on its own market knowledge
and partially based on data from Statistics Sweden. The export estimate is somewhat
higher than made by Norrthon (1994), but is in line with data from PVC Forum
(1995). Apparently there has been a shift in the market. Table 5.4.1 gives the imports
and exports and the resulting domestic market. It is assumed that the imported flooring
has the same composition as the flooring produced in Sweden. Virtually all flooring is
used in end-use applications in the building and construction area.












6 Manufacturing of cables
6.1 Introduction
PVC is used as insulation for electrical cables. One of the advantages of PVC
compared to other plastics is the low flammability of the material. Cables are in
general used in end-use building applications. Minor markets are the automotive
industry and the manufacture of electrical products, like brown and white goods.
6.2 Production processes
Cables are usually made making use of an extrusion process. Extrusion is one of the
most convenient and least expensive fabrication methods. The melted polymer is forced
through a nozzle, the shape of which determines the shape of the object.
6.3 Mass balances, emissions and resource use
In 1994 about 12,900 ton of pure PVC was used in the cable production in Sweden. In
this production, several additives and fillers are added to the PVC. Norsk Hydro has
provided recipes for product categories typical for the Swedish situation (Norsk Hydro,
1996a). Norsk Hydro used an estimate of 50 phr DIDP for 100 % of the market.
Private communications with ECPI showed this might be too high, since the switch
from the formerly used DEHP to DIDP is not yet complete. For this reason, it was
suggested to estimate DEHP use at 33 % and DIDP use at 66 % (Cadogan, 1996). No
breakdown is available for lead and Ca/Zn stabilized cable. It is assumed that the
majority of the cable (70 %) is lead stabilized. Some sources give higher estimates of
more than 90 %, which would lead to about 30 % more lead in use (Barfeld, 1996).
However, in this level-1 project it was not possible to be more precise and a possible
deviation of 30 % in the real value is seen as acceptable. With an estimated lead con-
tent of the stabilizer tri basic lead sulphate of 80 % (NPG, 1995) and a stabilizer use
of 5 phr, this results in a lead use of 361 tons, which corresponds reasonably with esti-
mates by KemI (340 tons; Kemi; 1994b).
A typical energy use for extrusion is about 3-5 MJ per kg cable (Moller, 1995; Caesar,
1992). A typical plasticiser loss to air for extrusion processes is 0.02-0.007 % (Sund-
mark, 1995c). The average of these values has been taken. During the manufacture of
PVC products, some emissions of VOC and small losses of heavy metals from
stabilisers and pigments can also be expected. They are not mentioned in most LCA-
databases or studies (e.g. v.d. Berg, 1996; Frischknecht, 1994), but this seems a sim-
plification. Stabiliser and pigment losses are possible due to cleaning of equipment and
unintended dispersion, specifically if granular material is used. Eijssen (1993) mentions
a worst-case loss of 0.1 % for granular additives. He indicates this figure may be
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considerably lower for non-granular additives. As an indication we used Eijssen's
worst-case emission figure as an emission to air (see also TNO, 1992). VOC emissions
for the manufacture of products with flexible PVC are estimated at 30 g/kg PVC for a
typical situation in the eighties (TNO, 1992), when in general no emission abatement
measures were taken. These VOC emissions are mainly caused by solvent losses,
including those present in the raw materials. In case of adequate VOC emission abate-
ment, reductions of 95-99 % can be expected. For the current situation emission factors
in the order of magnitude of l g/kg PVC therefore seem more adequate (Eijssen,
1993). We used an emission factor of l g VOC per kg PVC. The amount of residual
VCM in PVC is less than l ppm (TNO, 1992; ECVM, 1995). Even with a 100 % loss
these VCM emissions can be neglected compared to those in the PVC production. For
other substances no information about emissions was available and eventual emissions
were neglected.
No process emissions to water take place. However, due to the cleaning of trucks that
transport the plasticisers a worst-case emission to the sewage system of 1 kg per truck
load of 20 tons (0,005 %) can be calculated (Cadogan, 1994). The actual emission
might be lower due to the fact that dedicated truck systems are used: trucks that only
transport phthalates, and thus need less cleaning. The emission is most probably to a
sewage system, but as a worst-case approach this has not been taken into account.
Table 6.3.1 gives a review of the emissions and resource use both for 100 parts per
hundred resin pure PVC and the whole Swedish production. KemI assumes no use of
Ca/Zn stabiliser in the cable production. Since Ca/Zn is not seen as a harmful material,
for the conclusions of this study the difference is not important. Due to the change
from DEHP to DIDP the exact market share of each plasticiser is rather uncertain.
However, the total amount of plasticiser will be fairly reliable. Also, formerly in some
recipes 10 % of the plasticisers were chloroparaffins. Chloroparaffins have been phased
out since early 1996, but of course can still be found in older cables that are in use in
the economy.
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Norsk Hydro has made available data on imports and exports, partially based on its
own market knowledge and partially based on data from Statistics Sweden (Norsk
Hydro, 1996b). The data are reasonably comparable with the earlier estimates of
Norrthon (1994). Table 6.4.1 gives these data. It is assumed that the imported material
has the same composition as the material produced in Sweden.













According to estimates of Norsk Hydro, 92 % of the cable is directly applied in end-
use applications, mainly in the building area. About 7 % is used in the production of
electrical equipment. About 1 % is used in the production of cars. In Sweden, about
279,000 cars and 58,000 trucks were produced in 1994 (Eurostat, 1995). Other sources
indicate that about 300 meters of cable with an average (formulated) PVC-content of 6
gram per meter are used (Poppe, 1996b). When using the recipe of table 6.3.1 this
means about 3 gram per meter pure PVC, or 900 gram per car, which would mean
about 300 tons in cars. The figure in table 6.4.2 for cables in cars thus might be an
underestimate. The number of new licensed cars in 1994 was only 160,000 (SCB,
1996). This means the domestic use is only 58 % of the production of 279,000 cars.
The net export with cars is thus 51 tons. Referring to chapter 11, we have assumed that
the import of electronic applications is equal to the export.
Table 6.4.2: Market balance for PVC cables in Sweden (in ton pure PVC)
Market
Cables for end use
Cables in automotive























7 Manufacturing of profiles
7.1 Introduction
Profiles are another important market segment for PVC. Profiles are used in a number
of applications: e.g. the building sector (including window frames and pipes for electric
wire), the automotive sector and the electronics sector. The vast majority of the
profiles are rigid. Flexible profiles are neglected in this study. However, this study
takes into account a category 'tubes' (see section 10), which probably covers all flexible
profiles.
In principle, a lot of different formulations and probably also production processes are
applied, depending on the market segment. For the sake of simplicity, average emission
data and average formulations are used for all profile types here.
7.2 Production processes
The dominant production process for profiles is extrusion (PVC Forum, 1995). It is
one of the most convenient and least expensive fabrication methods. The melted
polymer is forced through a nozzle, the shape of which determines the shape of the
object.
7.3 Mass balances, emissions and resource use
In 1994 about 10,400 ton of pure PVC was used in the production of profiles in
Sweden. In this production, several additives and fillers are added to the PVC. Norsk
Hydro has provided recipes for product categories, typical for the Swedish situation
(Norsk Hydro, 1996a). For profiles, recipes for window frames are available. No break-
down is available for lead and Ca/Zn stabilized cable. It has been assumed that 33 % is
lead stabilised and 67 % is Ca/Zn stabilised. However, window profiles are only a
minor share of the market. For simplicity's sake, it has been assumed that the formula-
tion of window frames reflects the average formulation of all profiles. With an esti-
mated lead content of the stabilizer lead stéarate of 30 % (Norsk Hydro, 1996a) and a
stabilizer use of 5 phr for 33 % of the market this results in a lead use of 51 tons. This
estimate itself has a rather high uncertainty, maybe up to a factor of 4 or 5. This is due
to the lack of 'hard' data about the market volume and the Pb content. However, the
uncertainty is probably not so great, since the estimate is well in line with earlier
estimates by KemI over 1992 (40 tons; KemI; 1994b). However, it must be noted that
a swift transfer from lead to Ca/Zn-stabiliser is currently taking place. In 1996, more
than 80 % of the profiles will be Ca/Zn-stabilised.
A typical energy use extrusion is about 3-5 MJ per kg PVC (Moller, 1995; Caesar,
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1992). Plasticiser use in this segment is regarded as negligible. During the
manufacturing of PVC products, some emissions of VOC and small losses of heavy
metals from stabilisers and pigments can also be expected. They are not mentioned in
most LCA-databases or studies (e.g. v.d. Berg, 1996; Frischknecht, 1994), but this
seems a simplification. Stabiliser and pigment losses are possible due to cleaning of
equipment and unintended dispersion, especially if granular material is used. Eijssen
(1993) mentions a worst-case loss of 0.1 % for granular additives. He indicates this
figure may be considerably lower for non-granular additives. As an indication we used
Eijssen's worst case emission figure as an emission to air (see also TNO, 1992). In the
manufacture of rigid PVC some VOC emissions are possible if the stabilisers contain
solvents. However, with a typical solvent content of 10 % (TNO, 1992) and under the
condition that adequate emission reduction measures are taken (with 95-99 % effi-
ciency), VOC emissions will be about 1 ton or lower. This amount can be neglected
compared to VOC emissions from e.g. the PVC production. The amount of residual
VCM in PVC is less than l ppm (TNO, 1992; ECVM, 1995). Even with a 100 % loss
these VCM emissions are negligible compared to those in the PVC production. For
other substances no information about emissions was available, and any emissions had
to be neglected.
Table 7.3.1 gives a review of the emissions and resource use both for 100 parts per
hundred resin pure PVC and the whole Swedish production. KemI assumes no use of
Ca/Zn stabiliser in the production of profiles. Since Ca/Zn is not seen as a harmful
material, for the conclusions of this study the difference is not important.
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Norsk Hydro has made available data on imports and exports, partially based on its
own market knowledge and partially based on data from Statistics Sweden. Import and
export data are lower than reported for 1992 by Norrthon (1994), but the production
and domestic use are in reasonable agreement. Table 7.4.2 gives these data. It is assu-
med that the imported material has the same composition as the material produced in
Sweden. However, there is no absolute guarantee of that since, for instance, cadmium-
stabilised window frames or profiles are imported from other countries.













No comprehensive insight exists into the application areas of profiles. Estimates have
been made making use of various sources. Data on the production, imports and exports
of window profiles are taken from estimates given by Norrthon (1994). PVC Forum
(1995) has made estimates for profiles used for electrical wire. Since no good estimates
for imports and exports are available it is assumed that the domestic use of these
profiles is equal to the production. PVC Forum gives also a total of 3,800 ton PVC
used in the building area, profiles used in manufacturing and the automotive sector.
Norsk Hydro assumes that virtually no profiles are used in the Swedish automotive
industry. Assuming that these 3,800 tons includes the 1,500 tons for window profiles
given by Norrthon, this would leave 2,300 ton for the manufacturing sector.
For the other 4,600 tons no direct market estimates are available. Norrton (1994)
indicates that cables and profiles are the main PVC applications for electronic products.
According to SNV (1996), in Sweden 550,000 tons of electronic products are sold
annually. Such products contain 15 - 30 % plastics, of which 4 % is PVC. This would
mean 3,300 - 6,600 tons of PVC is used in electronical products in the Swedish
economy each year. At this stage of the project, no data are available for the
production of electronic equipment (white/brown goods) in Sweden. If the import
equals the export, the use of PVC in the electronics industry would also be 3,300 -
6,600 tons. Since cables only account for 920 tons in this market, a use of at least a
few thousand tons of PVC profiles could be a reasonable estimate. Apart from this, it
can be assumed that window profiles will not be the only use of profiles in the
building area. It is therefore estimated that of the remaining 4,600 tons PVC, about
2,300 tons is used in long-life building applications and 2,300 tons is used in the
electronics industry. Table 7.4.3 gives a review of these estimates.
Table 7.4.3: Market balance for PV C prof lies in Sweden (in ton pure PVC)
Market
Window frames




































The value of 500 ton has been used in the calculation
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8 Manufacturing of foils, films and sheets
8.1 Introduction
Foils, films and sheets form about 14 % of the Swedish PVC market. About 60 % of
the market is rigid sheet, which is among other things used for packaging in general
and packaging for medical articles. Flexible films are used for all kind of purposes:
furniture and leisure articles, office articles, coatings of building plate, roof covering
etc. The automotive industry is also an important user of foils. Due to this very diverse
range of uses, compared to the other PVC segments it is difficult to make good
estimates of end-use applications. The boundary between the market segments 'flexible
foil' and 'coated fabrics' (see section 10) is somewhat vague. Some reports include
under 'flexible foil' PVC-applications like tarpaulins, wall paper and artificial leather.
In this report these applications are included under 'coated fabrics'.
In principle, a lot of different formulations and probably also production processes are
applied, depending on the market segment. For the sake of simplicity average emission
data and average formulations are used here for rigid and flexible foil types.
8.2 Production processes
Calendering is the dominant production process for films and sheets (Sundmark, 1995c;
Moller, 1995). The foil is shaped by leading the polymer through a system of heated
rollers. The thickness is determined by regulating the distance between the roller pairs.
Another process for the processing of e.g. bags is film blowing (Moller, 1995). In this
process, an extruder with a ring-shaped nozzle is used. By blowing air through a
nozzle the object takes the form of a large bubble which is cooled by an airstream,
squeezed and rolled without contact between the two sides of the film.
8.3 Mass balances, emissions and resource use
In 1994 about 14,400 ton of pure PVC was used in the production of films and sheet.
The market for rigid films is estimated at 60 % (8,640 tons) and for flexible films at
40 % (5,760 tons; Norsk Hydro, 1996c; Norrthon, 1994)). A typical energy use for
calendering is 6 MJ/kg PVC (Caesar, 1992). In this production, several additives and
fillers are added to the PVC. Norsk Hydro has provided recipes for product categories,
typical for the Swedish situation (Norsk Hydro, 1996a). According to KemI (1994b)
the bulk, 175 tons, of the organotin stabilisers used in Sweden are applied for (mainly
rigid) PVC film. This was confirmed by personal communication with Norsk Hydro. It
was therefore assumed that all rigid sheets are stabilised with organotin instead of
Ba/Zn. The plasticiser content of flexible foil is about 25 phr.
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About 0.2-0.5 % of the plasticiser used is emitted to air during calendering of foil
(Sundmark, 1995c; Peijnenburg, 1991, Cadogan, 1994). The resulting emission of 2.8-7
tons fits reasonably well with estimates of the Industriforbundet in their reaction to the
report of the Ecocycle commission (Industriforbundet, 1994). The value also fits fairly
well with an emission inventory for calendering processes for 1995, made by Neste
Oxo (1996). In the calculations an average value of 5 tons has been used. Emissions to
water are negligible (Peijnenburg, 1991). However, due to the cleaning of trucks that
transport the plasticisers a worst-case emission to the sewage system of 1 kg per truck
load of 20 tons (0.005 %) can be calculated (Cadogan, 1994). Since in Sweden some
of the suppliers of plasticisers use a dedicated truck system this might be an
overestimation.
During the manufacture of PVC products, some emissions of VOC and small losses of
heavy metals from stabilisers and pigments can also be expected. They are not
mentioned in most LCA-databases or studies (e.g. v.d. Berg, 1996; Frischknecht,
1994), but this seems a simplification. Stabiliser and pigment losses are possible due to
cleaning of equipment and unintended dispersion, especially if granular material is
used. Eijssen (1993) mentions a worst-case loss of 0.1 % for granular additives. He
indicates this figure may be considerably lower for non-granular additives. As an
indication we used Eijssen's worst-case emission figure as an emission to air (see also
TNO, 1992). VOC emissions for the manufacturing of products with flexible PVC are
estimated at 30 g/kg PVC for a typical situation in the eighties (TNO, 1992), when in
general no emission abatement measures were taken. These VOC emissions are mainly
caused by solvent losses, including those present in the raw materials. In case of
adequate VOC emission abatement, reductions of 95-99 % can be expected. For the
current situation emission factors in the order of magnitude of l g/kg PVC therefore
seem more adequate (Eijssen, 1993). Here we used an emission factor of l g VOC per
kg PVC. The amount of residual VCM in PVC is less than l ppm (TNO, 1992;
ECVM, 1995). Even with a 100 % loss these VCM emissions can be neglected
compared to those in the PVC production. For other substances no information about
emissions was available, and possible emissions had to be neglected.
Table 8.3.1 gives a review of the emissions and resource use both for 100 parts per
hundred resin pure PVC and the whole Swedish production.
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Table 8.3.1 Emissions and resource use related to the Swedish foil and sheet
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a: Sometimes in this market segment tarpaulins, wall paper and artificial leather are also
included. In that case the plasticiser use would have been higher. In this report, these
product groups are included under 'coated fabrics' (see chapter 10).
The estimated use of Ba/Zn is higher and the estimated use of Ca/Zn is lower than
earlier KemI estimates (1994b). The KemI report gives no comprehensive insight as to
the basis of which assumptions the Ba/Zn and Ca/Zn uses were calculated. Therefore it
is impossible to properly explain the differences. Since Ba/Zn and Ca/Zn are not seen




Norsk Hydro has made available data on imports and exports, partially based on its
own market knowledge and partially based on data from Statistics Sweden. The import
and export rates are very high compared to the domestic production and the earlier data
given by Norrthon (1994). It is possible that the conversion factor to calculate the total
amount pure PVC from the import/export statistics (which reflect PVC product) is
somewhat overestimated. On the other hand, Norsk Hydro's estimates are fairly well in
accordance with estimates of PVC Forum (1995). No breakdown is available for the
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import and export of rigid and flexible foil. It is therefore assumed that the breakdown
is equal to the breakdown for the production (60 % rigid, 40 % flexible).
















16.400 14.000 | 16.800
8.4.2 Applications
No comprehensive insight exists into the application areas of foils. Estimates have been
made making use of various sources. Data on the production, imports and exports of
packaging and medical packaging have been taken from estimates given by Norrthon
(1994) and have been allocated to rigid applications. According to Norrthon, foils and
coated fabrics are the main intermediate products for applications in offices, like tape,
maps etc. Here his total estimate for the production of such articles is allocated to foil.
PVC Forum (1995) estimates the total production of building plate coated with PVC at
115 kton, making use of 3,800 ton PVC. About 11 % of this amount is coated with
foil, resulting in the use of 400 ton PVC. The remainder is treated with plastisol and is
discussed in section 8. About 80 % of this material is exported, the domestic use is 20
% and there are no imports. According to Norrthon (1994), no production of roof
covering takes place in Sweden. According to Norsk Hydro, the net imports are about
1,500 tons PVC. There are also imports of about 1,000 tons of flexible PVC for food-
packaging in grocery stores (KemI, 1996). In Sweden, there is no production of
flexible PVC for this purpose.
For the other 9,400 ton foil no clear indication of the application market can be given.
It can be expected that a part of it will be used in the automotive industry and the
electronics industry. In section 6, the total PVC consumption in the automotive
industry was estimated at 6,000 tons including additives and plasticisers, of which 120
tons are covered by cables and 2,000 tons by artificial leather. A use of several
thousands of tons of foil seems not unreasonable; here an assumption of 2,000 tons is
used, totally allocated as flexible film. In chapter 6 it was indicated that the Swedish
sales of new cars was about 58 % of the national production in 1994. With this value,
the net export was calculated. The remainding application of 7,400 tons is allocated to
a product group 'other rigid' or 'other flexible', for which net imports are assumed to be
zero. According to PVC Forum, 80 % of the foil has a life-time of 10 years or more.
Since the packaging shown in table 8.4.2 accounts for about 30 %, it is assumed that
this product group miscellaneous is used in medium-life applications. Table 8.4.2
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reviews these estimates.
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Calculated with an average of 700 tons
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9 Manufacturing of paint and plastisol applications
9.1 Introduction
A minor PVC application in Sweden is the production of paint/plastisol. This paint is
mainly applied in the production of coated building plate in Sweden. This section
covers both the paint production and the application of building plate.
9.2 Production processes
No clear data on the plastisol production are available. Normally, paint production
involves mixing and blending the ingredients of the paint. Environmental interventions
most probably will be related to the energy use for mixing, the use of raw materials,
and some VOC emissions.
9.3 Emissions and resource use
The plastisol recipes have been taken from PVC Forum (1995). KemI (1994b) reports
the use of Ba/Zn and organotin stabilisers for these applications. Industriforbundet
(1994) reports a use of 5,700 ton material a year consisting of 3,500 ton PVC and
1,425 tons plasticiser (25 %) for coil coating only. This means an amount of plasticiser
of about 40 phr. Here we used exactly 40 phr for the sake of simplicity. Norsk Hydro
estimates that outside the building market about 1,000 tons are used in other appli-
cations. This means a total plastisol market of 4,500 tons. Extrapolating, this would
mean a plasticiser use of 1,800 tons. It is assumed that emissions to air during the pro-
duction of plastisol are negligible. This assumption is reasonable if adequate vent
treatment takes place. The assumption is confirmed by a recent inventory on plasticiser
emissions made by Neste Oxo (1996). We therefore also assumed close to zero VOC
emissions. Some losses of stabilisers and pigments might occur, but it seems
inappropriate to apply the worst-case emission factor of 0.1 % used in the preceding
paragraphs for this specialised industry, particulary in working with pigments. Due to
the cleaning of trucks that transport the plasticisers a worst-case emission to the
sewage system of 1 kg per truck load of 20 tons (0,005 %) can be calculated
(Cadogan, 1994). The actual emission might be lower due to the fact that dedicated
truck- systems are used: trucks that only transport phthalates, and thus need less
cleaning. Table 9.3.1 reviews these data.
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Table 9.4.1 gives a market balance for plastisol for 1994, based on production data
from the previous paragraph and import/export data for 1992 from Norrthon (1994). It
is assumed that the 1994 data will be similar. He estimated that a majority of about
3,000 ton plastisol is used domestically for the covering of building plate. Indus-
triforbundet (1994) mentions a domestic use of 3,500 tons in 1992, and PVC Forum
(1995) mentions a domestic use of 3,800 tons for building plate, including foil covered
plate which has 11 % of the market. A use of 3,000 tons of plastisol for building plate
seems a reasonable estimate; this leaves about 1,000 tons for other applications.













9.5 Applications of paint and plastisol
9.5.1 Production processes, emissions and resource use
Coating is a process whereby liquid PVC (like plastisol or organosol) is sprayed,
dipped or painted onto an other material. In the coating process, the processing tem-
perature is 150-200 °C. This results in a relatively high loss to air of phthalates, up to
0.25-1 % of the plasticiser consumption (Sundmark, 1995c). However, if adequate
emission abatement measures are taken this figure seems an overestimation and,
depending on the measure, could even be close to zero (Cadogan, 1994; Peijnenburg,
1991). The recent investigation by Neste Oxo into the industrial phthalate emissions
showed that the emissions from paint and plastisol indeed were about zero (Neste Oxo,
1996). Therefore, a zero emission value has been used. We assumed that these
effective emission abatement measures also resulted in a close to zero emission of
VOC. The energy use in this process is not directly available from literature. A general
energy use of 5 to 10 MJ/kg, which is the range for most PVC processing, is used.
Table 9.5.1: Emissions and resource use related to the production of coated building






















a: Includes 25 phr DEHP; in total 4000 tons PVC and 1600 ton DEHP are used
9.5.2 Market balance
PVC Forum (1995) estimates that 50 % of the production of building plate is exported
and that 25 % of the production is imported, resulting in a domestic use of PVC coated
building plate of about 2250 ton. For the other applications no data are available; it is
assumed that the production is equal to the domestic use.
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Table 9.5.2: Market balance for plastisol applications in Sweden (in ton pure PVC)

















There are two other product groups in which the remaining amount of PVC is used.
Those markets account for about 4 % of the PVC used in Sweden and are:
the production of tubes;
the production of coated fabrics.
The production processes and markets are discussed in this section.
10.2 Tubes
10.2.1 Introduction
Norrthon (1994) describes in his material flow study on PVC a category 'tubes'. Such
pipes include flexible hoses, flexible pipe for compressed air etc. It is possible that
these pipes are partially covered by the category 'Profiles'.
10.2.2 Production
The dominating production process is extrusion. For a description of the process, see
the preceding paragraphs.
10.2.3 Emissions and resource use
According to Norsk Hydro, the amount of PVC used for the production of flexible
pipes is about 1,300 tons. This fits in reasonably well with data for 1992 from
Norrthon (1994). About 600 tons were used for the production of medical applications.
No specific recipe is available. We assumed that the recipe for cables is a reasonable
approximation. It is known that for medical applications DEHP is the dominant
plasticiser. In contrast to cables, we have assumed that other tubes are plasticised with
DEHP as well. This will possibly give an underestimation for the use of DIDP, which
is an alternative. The energy use for extrusion is about 3-5 MJ/kg PVC. The only rele-
vant emissions to air will be most likely from phthalates: for extrusion this is normally
0.02 % - 0.007 % of the use (Sundmark, 1995c). We used the average to calculate the
emission. Due to the cleaning of trucks that transport the plasticisers a worst-case
emission to the sewage system of 1 kg per truck load of 20 tons (0.005 %) can be
calculated (Cadogan, 1994). The actual emission might be lower due to the fact that
dedicated truck systems are used: trucks that only transport phthalates, and thus need
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less cleaning. During the manufacture of PVC products, some emissions of VOC and
small losses of heavy metals from stabilisers and pigments can also be expected. They
are not mentioned in most LCA-databases or studies (e.g. v.d. Berg, 1996;
Frischknecht, 1994), but this seems a simplification. Stabiliser and pigment losses are
possible due to cleaning of equipment and unintended dispersion, especially if granular
material is used. Eijssen (1993) mentions a worst-case loss of 0.1 % for granular
additives. He indicates this figure may be considerably lower for non-granular
additives. As an indication we used Eijssen's worst-case emission figure as an emission
to air (see also TNO, 1992). VOC emissions for the manufacture of products with
flexible PVC are estimated at 30 g/kg PVC for a typical situation in the eighties (TNO,
1992), when in general no emission abatement measures were taken. These VOC
emissions are mainly caused by solvent losses, including those present in the raw
materials. In case of adequate VOC emission abatement, reductions of 95-99 % can be
expected. For the current situation emission factors in the order of magnitude of 1 g/kg
PVC therefore seem more adequate (Eijssen, 1993). Here we used an emission factor
of 1 g VOC per kg PVC. The amount of residual VCM in PVC is less than 1 ppm
(TNO, 1992; ECVM, 1995). Even with a 100 % loss these VCM emissions are
negligible compared to those in the PVC production. For other substances no
information about emissions was available, and eventual emissions had to be neglected.
On the basis of these assumptions, table 10.2.1 gives a review of emissions and re-
source uses related to the production of flexible profiles/tubes.
Table 10.2.1 Emissions and resource use related to the Swedish production of
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Norrthon (1994) has given estimates of the amount of tubes used on the Swedish
market (2,000 tons). This seems somewhat high compared to estimates for 1994 from
Norsk Hydro. Here the Norsk Hydro production data are combined with the Norrthon
import and export data. The resulting domestic use is given in table 10.2.2.









Medical applications with a market volume of about 600 tons are the most important
application (Norsk Hydro, 1996c), which is in accordance with the Norrthon data if the
use of medical articles is equal to the Swedish production. It is assumed that medical
products have a life-time of 1 to 2 years. No breakdown is given for other applications,
but it can be assumed that such articles are mainly medium to long life applications.
The applications are given in table 10.2.3.























About 2,300 tons of PVC a year are used for the production of coated fabrics. These
textiles include artificial leather (a.o. for cars), rain coats and 1,500 tons of camouflage
fabrics (defence products). For a lot of other uses Sweden imports coated fabrics.
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10.3.2 Production
Coating is - not surprisingly - the dominant process for the production of coated
fabrics. All coated fabrics are produced with paste-PVC. A typical energy use for such
a process is 8 MJ/kg PVC (Caesar, 1992), including the energy necessary for
incinerating volatile substances. PVC Forum mentions an electrical energy use of 668
kWh/ton (2,5 MJ/kg) plus 74 m3 gas per ton, which corresponds reasonably with the 8
MJ/kg.
10.3.3 Emissions and resource use
Norsk Hydro has provided recipes for product categories, typical for the Swedish situa-
tion (Norsk Hydro, 1996a). It is clear that recipes can vary quite a lot with the
application; for simplicity's sake here average recipes are used. Depending on the
application, the plasticiser use is 55 to 75 phr. DEHP is generally used, but some
producers prefer DIDP. Here an average of 55 phr DEHP and 10 phr DIDP is assu-
med. About 1.5 to 3 phr Ba/Zn stabiliser is used; in some cases Ca/Zn is preferred.
Here only Ba/Zn is taken into account, partly because in that case the calculated
stabiliser use is in close agreement with the estimates from KemI (1994b). Pigments
and ESO are only used in 2 of the 4 recipes. We assumed these substances are only
applied in 50 % of the products. Bonding agent was only used in one recipe; for this
reason we assumed it is used in only 25 % of the applications. Concentrations have
been taken from Norsk Hydro's recipes. Emissions to air will be dominated by the
plasticisers. The air from the coating process can contain up to 500 mg/m3 plasticiser;
this can be 25 mg/m3 when efficient abatement measures are taken (Sundmark, 1995c;
Peijnenburg, 1991) or close to zero when the air is treated thermically (Poppe, 1996b).
With an average flow of 20 m3 air per kg plasticiser the emission factors of 0.04-1 %
to air given in the table can be calculated (Sundmark, 1995c; Cadogan, 1994). We used
an emission value of 0.1%. With this value, the emissions from coating processes in
this study are more or less equal to the total emission from coating processes in
Sweden given in a study by Neste Oxo (1996). No process emissions to water take
place. However, due to the cleaning of trucks that transport the plasticisers a worst-
case emission to the sewage system of 1 kg per truck load of 20 tons (0,005 %) can be
calculated (Cadogan, 1994). The actual emission might be lower due to the fact that
dedicated truck systems are used: trucks that only transport phthalates, and thus need
less cleaning. As a worst-case assumption, it has not been taken into account that the
emission is possible to a sewage system.
During the manufacturing of PVC products, some emissions of VOC and small losses
of heavy metals from stabilisers and pigments can also be expected. They are not
mentioned in most LCA-databases or studies (e.g. v.d. Berg, 1996; Frischknecht,
1994), but this seems a simplification. Stabiliser and pigment losses are possible due to
cleaning of equipment and unintended dispersion, specifically if granular material is
used. Eijssen (1993) mentions a worst-case loss of 0.1 % for granular additives. He
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indicates this figure can be considerably lower for non-granular additives. As an
indication we used Eijssen's worst-case emission figure as an emission to air (see also
TNO, 1992). VOC emissions for the manufacturing of products with flexible PVC are
estimated on 30 g/kg PVC for a typical situation in the eighties (TNO, 1992), when in
general no emission abatement measures were taken. These VOC emissions are mainly
caused by solvent losses, including those present in the raw materials. In case of
adequate VOC emission abatement, reductions of 95-99 % can be expected. For the
current situation emission factors in the order of magnitude of l g/kg PVC therefore
seem more adequate (Eijssen, 1993). Here we used an emission factor of l g VOC per
kg PVC. The amount of residual VCM in PVC is less than l ppm (TNO, 1992;
ECVM, 1995). Even with a 100 % loss these VCM emissions are negligible compared
to those in the PVC production. For other substances no information about emissions
was available, and possible emissions had to be neglected.
Table 10.3.1 gives a review of the emissions and resource use both for 100 parts per
hundred resin pure PVC and the whole Swedish production.
Table 10.3.1 Emissions and resource use related to the Swedish production of coated
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The production and import/export balance for coated fabrics is given in table 10.3.2. It
is based on data from Norsk Hydro, unless corrections are indicated below. It is
assumed that camouflage fabrics and artificial leather are directly used as end-products.
The products made with coated fabrics are used in other products that are imported and
exported as well, like artificial leather for automotive applications. There are also some
kinds of coated fabrics for end-use applications, that are not produced in Sweden.
These flows are indicated in table 10.3.2. The net Swedish export of automotive
products is about 43 % of the national production. This way, the amount of artificial
leather with cars exported was calculated. Tarpaulins are used for big trucks and nearly
all imported. In 1994, 2,100 new trucks were sold in Sweden (SCB, 1996). With an
estimated amount of PVC of 100 kg per truck (Norsk Hydro, 1996c) the import of
tarpaulins is estimated at 210 tons. Data about wall paper have been taken from Norsk
Hydro (1996c).




















































11 End use of PVC products
11.1 Introduction
As described in the former sections, PVC is applied in several end-use applications.
Since PVC is an inert material, the emissions related to its use in general can be
regarded as negligible. Migration of stabilisers like lead and organotin is in general
regarded as unimportant, certainly in the short term (Plinke, 1994; Sundmark, 1995a
and 1995b; Sloof, 1993; Kapteijns, 1996). About the long-term behaviour of PVC little
is known. This is important for the evaluation of the use of PVC as such, but not for
this SFA. An SFA, notably, concentrates on the emissions that take place in one year.
Unlike e.g. in LCAs, emissions that might take place in the distant future are not taken
into account. An important exception with regard to this migration are the plasticisers
that are used in the PVC products. Depending on the application, phthalates can leach
out to water or be emitted to the air. It is important to take into account that these
emissions do not only occur for the amount of PVC products produced in a certain
year, but for all the products accumulated in the society. Since a considerable amount
of PVC is applied in long life applications, this can have an important effect that is not
always taken into account. Estimates for this accumulation can be made in two ways:
1. taking the current annual use as a basis, and multiplying this by the expected
life-time. In a steady-state situation this gives a reasonable approximation of
the amount accumulated;
2. using data on yearly new production and waste generation over the period that
covers the life-time of the product under consideration.
Where possible, the second method has been applied since it gives the best estimates.
However, this was not always possible. In such cases, the first method was used.
This section discusses the most important end-use applications of PVC. Estimates of
the total amounts of accumulated PVC will be made, and also estimates of the amounts
of PVC that are transferred to the waste stage. Chalmers (1994) has performed a study
for the Ecocycle Commission that forms a good basis for such estimates. They
calculated for the period since the introduction of PVC in Sweden, in about 1965, what
amounts have been applied in which market. Taking into account a normal, average
life-time for the application, it was possible to estimate the yearly accumulation for
each application, plus the amount of PVC that would appear after its useful life in the
waste stage. The plasticiser emissions are calculated on the basis of estimated totals in
use in the economy and generally accepted emission factors (see e.g. Sundmark, 1995c;
Cadogan, 1994; Peijnenburg, 1991). An important restriction in this study is that the
estimated total stocks in the economy are calculated on the basis of current PVC
recipes. In some cases this can cause differences of up to a factor of 2-3 compared
with calculations on the basis of recipes actually applied in the past. Also, with this
approach we miss additives and plasticisers which were only used in the past, like
chloroparaffins and possibly cadmium in imported products. Another important
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assumption made already in the earlier paragraphs is that the formulation of the
imported and exported materials is the same as the materials produced in Sweden.
11.2 Pipes
In section 4 it is estimated that the total use of new pipes is about 25,400 tons per
year. Chalmers (1994) estimates the total amount of pipes accumulated in Sweden
since the sixties at 895,000 tons. Since pipes can have a life-time of 100 years and
more, at this moment the amount of pipes in the waste stage is low. There will be
some PVC waste as a result of demolition of buildings where PVC has been applied in
the last decades. Rough estimates indicate a volume of less then 1,000 tons, most
probably as building waste. Table 11.2.1 gives a review of this flow. Emissions of
stabilisers are negligible and occur only in the initial period, up to a maximum of 1 kg
of lead a year. The lead flow with water used for human consumption is 0.96 grams
per year (NPG, 1995). An analysis by Hjertberg and Gevert (1995a) did not show any
concentration gradient of lead in a pressurised waste pipe installed in 1972. They
conclude that, if any lead loss takes place at all, it must be by an initial loss from a
possible, very thin layer of lead stabiliser on the surface of the virgin pipe. Björklund
(1995) calculated on the basis of flush tests with drinking water pipe this initial loss of
lead per m2 inner surface of the pipe. Extrapolating this to all Swedish pipes, and
assuming losses from both the inner surface and the outer surface, he calculated a
maximum worst-case loss of about 83 kg to water/soil in 1993, when 225 tons of lead
stabiliser in pipes were used (in 1994: 217 tons lead).













In section 4 it is estimated that the total use of new flooring is about 15,000 tons per
year.' Chalmers (1994) estimates the total accumulated amount in Sweden since the
sixties at 394,400 tons, assuming an average life-time of 20 years. This means that the
amount of flooring sold in 1974 on the Swedish market will be disposed of as waste in
1994. Chalmers estimates this amount at 11,700 tons. It must be noted that other
literature uses shorter life-times, e.g. 10 or 15 years (Cadogan, 1994; Sundmark,
1995c). We have assumed that a majority, 11,200 tons, is disposed of as building
waste, and a minor amount of 500 tons is disposed of as domestic waste. Under these
assumptions, the total amount of PVC (from flooring and other PVC products) in
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domestic waste is reasonably in accordance with the observed values in waste surveys.
Table 11.3.1 gives a review of this flow. With the amount of flooring, plasticisers are
also accumulated in Swedish society. Assuming the accumulated flooring has the same
formulation as given in table 5.3.1 for the flooring produced in 1994, the table gives
the accumulated amount of plasticiser as well. BBP is only used in coated flooring of
which 55 % of the production is in Sweden; it is assumed that coated flooring also
accounts for 55 % of the accumulated amount. The related emissions are calculated in
the following paragraph.





















Assumption: 500 tons domestic waste, 11.200 tons building waste.
11.3.2 Emissions
From flooring, plasticiser emissions are possible by two processes: diffuse emission to
the air and emissions to water during washing. Most authors refer to one source that
indicates that the emissions for indoor applications are about 2.3 x 10"4 ug/sec/m2 of
plasticised PVC (Peijnenburg, 1991; Cadogan, 1994; Sundmark, 1995c). On average,
about 0.4-0.5 kg plasticiser per m2 flooring is used (Sundmark, 1995c; Cadogan, 1994).
Per year, this gives an emission factor to air (EJ per ton plasticiser of:
Ea = 2.3 \ IQ'
4 ug/sec/m2 *3600 sec/hr*24 hr*365 days* 1/0.45 mVkg = 16 10'6
During the first period of the use of flooring VOC emissions will occur. The most
important substances are e.g. methylpyrrodilon, butoxyethanol and ethylhexane acid.
The emitted amount diminishes over time. Regular tests show an emission of about 10
to 30 ug/m2*hr after 26 weeks of use (Tarkett, 1996). Using a somewhat pessimistic
average of 20 ug/m2*hr over a whole year, an emission of 0.17 g/m2 per year can be
estimated. With roughly 1 kg PVC per m2 this results in an emission factor of 0.17
g/kg PVC. It is assumed that emissions after the first year are negligible, so this
emission factor is only applied on the amount of new use of PVC in flooring.
Emissions to water are mainly caused by (wet) cleaning of the flooring. Phthalates are
the most important substances emitted. Several estimates of emission factors are
available. Sundmark (1995c) gives an emission factor to water of 0.015 % per treat-
ment, which would mean 0.78 % a year with cleaning once a week (52 treatments).
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Since a time-lag in extraction has been shown a reduction factor of 0.1 to 0.01 seems
reasonable (Sundmark, 1995c). PVC Forum (1995) uses an emission of 23 mg/m3,
which is 0.005 % per year, which is in accordance with the data of Sundmark
combined with the reduction factor of 0.01. Since the 0.005 % has been based on
specific research done in Denmark (Vikelsoe, 1995), this number will be used. Using
these emission factors, table 11.3.2 gives the emissions to air and water.


































11.4 Cables in building applications
11.4.1 Mass flows
In section 6 it is estimated that the total use of new cables in end-use applications is
10,950 tons. Chalmers (1994) estimates the total accumulated amount in Sweden since
the sixties at 387,000 tons. However, they assumed that all cables would be used in
building applications, where in fact 8 % is used in cars and electrical equipment. This
figure for accumulation was therefore corrected by this percentage. In Chalmers' figure
it was also assumed that the life-time of cables is so high that in the previous years no
cable has been disposed of as waste: it assumes that all cable produced is still in use.
According to Norsk Hydro, a reasonable amount of PVC in cables is entering the
waste stage now: about 6,000 tons, which is half of the new use in 1994. This figure
was estimated in a (still confidential) project on recycling of cable waste; however, the
order of magnitude seemed reasonable to the authors of that study (Mueller, 1996).
This number is not in agreement with the life-time of 40 years for cables assumed by
Chalmers when calculating his accumulated amount. Renovation and demolition of
houses result in the fact that every year a number of cables enter the waste stage,
before the end of their technical life-time. Annex 2 to this study corrected Chalmers'
calculation for this effect. The calculation showed that if it is assumed that every year
2.5 % of the cables in use enter into the waste stage due to renovation etc., the current
accumulated amount is about 250 ktons PVC. The calculated amount of waste of 6,250
tons then corresponds fairly well with the amount inventoried in the recycling project.
On the basis of the same calculation, it can be shown that with a low market
penetration of DIDP as plasticiser in the last 6 years the amount of DEHP in the stock
will be about 90 %. Only 10 % is DIDP. It is assumed that this breakdown is also
valid for the amount that enters the waste stage. These data will certainly be
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simplifications, since in former times besides DEHP chloroparaffins were also used as
plasticiser. Table 11.4.1 gives a review of this flow. The related emissions are calcula-
ted in the following paragraph.





















The currently available date for phthalate emissions from cables are quite controversial.
Some authors assume that they are negligible, including the Swedish EPA (Sundmark,
1995c). Other authors do not mention them at all (Peijnenburg, 1991). The factors for
diffusion-controlled emissions to air of Cadogan (1994) would lead to a Swedish
emission of several tons a year. Emissions in this order of magnitude figure in most
other reports on emissions of phthalates from cables.
However, one study suggests emissions that are very high compared to all earlier
estimates, up to about 0.5 % a year (Hjertberg, 1995a). Hjertberg analysed the
composition of a cable that had been 20 years in the ground. He compared the result
with an (estimated) recipe. The amount of phthalates, di-iso-octylphthalate, was
determined to be about 20 %, with a tendency towards lower concentration levels in
the outer layer of the insulation. For this type of cable, Hjertberg estimated that the
original plasticiser content can be expected to be 25-28 %. Additonal analysis showed
that apart from the 20 % phthalates, the cable also contained about 2 % of highly
aromatic oils. In former times, this material was used as a cheap secondary plasticiser.
He concluded therefore that the analysed material consisted for about 22 % of the
plasticiser, compared with a presumed 25 to 28 % in new material. According to him,
the difference of at least 3 % (which is more than 10 % of the original 25 %) could be
caused by phthalate losses. This 10 % in 20 years would mean 0.5 % a year.
It has to be underlined that Hjertberg's calculations have one very basic weak point that
makes it impossible to draw any conclusion in favour or against the hypothesis of
phthalate loss: the original recipe is not known. Apart from this, it seems that not all
additives in the cable have been analysed, and it would be no surprise if the cable
contained another plasticising component that would explain the gap of 3 % (Poppe,
1996a). Poppe also indicated that, depending on the formulation, the plasticiser
contents of cables can be between 20 and 27 %. Some examples are given in table
11.4.2. A measured plasticiser content of 22 % is thus no proof of plasticiser loss.
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In brief, the conclusions in the work of Hjertberg could be both a message of a
possible environmental problem or just a completely wrong analysis, due to the failure
to take into account the uncertainty that is introduced due to the lack of data on the
original recipe of the cable.
However, at this stage it would in our opinion be imprudent to totally exclude the
possibility of a relatively high plasticiser loss from cables in advance. The amount of
plasticiser accumulated in cables in society is quite high. The concentration gradient in
the cables indicates that losses, though their quantification is impossible now, cannot
totally be neglected. It should be certain that any unexpected high emissions are absent.
The proof can be rather easily obtained by analyzing old cables, for which the produ-
cer and the recipe can be obtained. Even a rather weak interpretation of the precautio-
nary principle demands that such research is performed on short notice, and quickly
gives unambiguous results.
We therefore present two values here. The first value is based on diffusion-controlled
losses to air, and can be regarded as a certain, but possibly minimal estimate of the
real emission. We simply used the emission factor derived for flooring in this
calculation (see paragraph 11.3). The second value is only used as a theoretical indi-
cation. It gives a theoretical 'worst case' estimate, that indicates the emission if all
Hjertberg's assumptions turn out to be right. The value can only be used if additional
research has shown that all uncertainties about these rather questionable assumptions
can be ruled out. In that case, a plasticiser loss of 0.5 % a year would occur. Apart
from this, a distinction has to be made between cable that is used in a non aggressive
environment (e.g. compare flooring) and a more aggressive environment for which the
high emission factor is valid. Virtually no data on different applications are available.
We just assumed 50 % for the high emission factor. In brief, this would mean an
average emission factor of 0.25 % in the theoretical, worst-case situation. The value
can only be used if additional research has shown that all uncertainties about the very
questionable assumptions that led to this value can be ruled out. Once again it has to
be stated that at this moment there are as many arguments to opt for a 0 % emission as
for a high value. Table 11.4.3 gives the calculated values.
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It is unclear whether, as with flooring, some initial VOC emissions can be expected in
the first year of use. Application of the same emission factor (0.17 g/kg PVC*jr) and
other assumptions used for flooring (only emissions in the first year) leads to a VOC
emission of 2 tons in 1994.


































On the basis of very questionable assumptions an average emission of 0.025 % under
unfavorable conditions can be calculated. This would lead to relatively very high
additional emission of DEHP and DIDP. The uncertainty, however, is so high, that a
zero additional emission is also very defensible.
11.5 Other applications in the building area
11.5.1 Mass flows
In section 4 to 10, several other PVC applications in the building area are given. They
include:
a: rigid profiles (window frames, pipes for electrical wire and other; see section
7);
b: film (foil-coated building plate and roof covering; see section 8);
c: plastisol-covered building plate (see section 9);
d: wall paper (see section 10).
Categories b) and c) are the most important for this section, since they contain
plasticisers that can be emitted to air and/or water. No good estimates are available for
the amount of PVC that is already accumulated in society in the other applications.
Estimates therefore have been made on the basis of the expected life-time of the
applications. Profiles are assumed to have a life-time of more than 30 years. In theory,
the accumulated amount can be estimated by multiplying the use in 1994 by 30 in case
of a constant consumption. The actual accumulated amount is estimated to be
somewhat lower due to lower consumption in the sixties (compare e.g. Chalmers,
1994). We therefore introduced an additional correction factor of 80 %, and thus
estimated the stock in 1994 with the following formula: use in 1994 * 30 * 80 %. Due
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to the long life-time, the amount of waste at this moment is assumed to be low (around
66 tons for each category profiles). It is assumed that plastisol-covered building plate
and foil-coated building plate have a life-time of minimal 20 years (Sundmark, 1995c).
For roof covering sometimes assumptions of a life time of 10 years are made.
However, since roof covering after its useful life is covered a few times with a new
layer, it is assumed that the roofing will stay 20 years in the economical system. Assu-
ming a constant use during the past 20 years, a steady state situation has been reached.
In that case the accumulated amount is 20 times the annual use and the annual amount
of PVC waste is equal to the annual use. For wall covering a useful life of 10 years
has been estimated and the calculations have been made with a factor 10. Table 11.5.1
gives a review of these flows. Assuming the recipies of the flexible PVC applications
have always been equal to those given in section 4 to 10 also the total amount of accu-
mulated plasticisers is calculated. The emissions are discussed in the next paragraph.
Table 11.5.1: Use stage for other building applications (in ton)
Other building applications
Window frames
Pipes for electrical wire
Other building applications
Foil coated building plate
- PVC
- DEHP (25 phr)
Roof covering
- PVC
- DEHP (25 phr)
Plastisol building plate
- PVC
- DEHP (40 phr)
Wall paper
- PVC
- DEHP (55 phr)



























































When flexible PVC is in direct contact with water, plasticisers can leach out. Such
losses can be expected when flexible PVC is used in outdoor applications: it is
subjected to attack by many forces including heat, UV radiation, microbiological
attacks, frost, humidity, etc. According to Sundmark (1995c) it has not been possible to
estimate a theoretical rate of plasticiser loss outdoors. However, all authors seem to
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agree on the use of an emission factor of 0.5-1.0 % a year (Sundmark, 1995c; Ca-
dogan, 1994; Peijnenburg, 1991). It is assumed that building plate and roofing is
subject to such exposure and thus has such emission factors. It is very difficult to
assess whether this has to be regarded as an emission to water or soil. In urban areas,
one can expect that the phthalates are for a large part transported with the water run-
off and therefore can be regarded as an emission to water. In rural areas the water will
end up in the soil, and thus the emission has to be regarded as to soil. About 80 % of
the Swedish population lives in rural areas (SCB, 1996). But since we don't think that
even in rural areas all phthalates will be transported by run-off, we simply assumed an
average of 50 % emission to water and 50 % emission to soil.
For emissions of phthalates to air, quite diverging emission factors are available.
Peijnenburg (1991) uses an emission factor of 0.1 % to air, which can be 0.01 % for
products with small surface contact. Cadogan (1994) and Sundmark (1995c) do not
mention any emission to air for outdoor applications. Their emission factor for flooring
is much lower thatn the values of Peijnenburg (16 10"6; see section 11.3). This might
be an underestimate since flooring is thicker than foil or plastisol, and thus more
surface is exposed to air. A factor of 5 higher might be a better estimate, since foil and
coating is about 5 times as thin as flooring for which the emission factor has been
derived. This would mean a value of 0.009 %, which is comparable with the low value
of Peijnenburg. Since no better estimates seem available, for the diffuse losses to air
the 0.01 % of Peijnenburg is used. Table 11.5.2 reviews the calculated emissions to air,
soil and water, making use of the estimated accumulated amount of plasticiser given in
table 11.5.1. For wallpaper only the diffuse losses into the air are taken into account.
The emission to water and soil for building plate is lower than the 300 tons estimated
earlier by SNV, but exceeds the 36 tons estimated by a.o. Industriforbundet (1994) in
the reaction to the report of the Ecocycle commission. The difference is mainly caused
due to differences in estimates about the amount PVC accumulated. Industriforbundet
uses an accumulated amount of 120 106 m2 plate, coated with 0,2 mm PVC of 1 kg/1
consisting of 30 % plasticiser. This would mean an accumulated amount of 7,200 tons
of plasticiser. With 0.5 % loss a year the 36 tons can be calculated. The difference
with our data is that we tried to estimate an accumulated amount of building plate in
society on the basis of the present use and an estimated life time. Even if the figure of
Industriforbundet for the accumulated amount was more accurate than the estimate of
TNO/CML, this would merely mean that at this moment the steady-state situation has
not yet been reached. If the current production levels of plastisol plate do change, with
an average life-time of 20 years at some point in the future the accumulated amount of
plasticiser will reach the steady-state amount of 18,000 tons. At that moment, the total
emission will also be 90 tons.
Eventual VOC-emissions in the use phase from flexible PVC are neglected for these
applications. The amounts of PVC are relatively low. Application of the emission
factors for the use of flooring would lead to negligible VOC emissions compared to
other sources in the PCV-chain.
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In the former paragraphs, several PVC flows have been allocated to the production of
cars. In fact this gives an estimate of the breakdown of the PVC types used in Swedish
car production. The total number of cars and trucks in Sweden is 3,619,000 and
845,000 (Eurostat, 1995). Of these, about 1/3 have been produced in Sweden, 1/3 in
Europe and 1/3 in the Far East (SNV, 1996). The number of newly registered cars
1994 is estimated at 160,000 (SCB, 1996). In both imported and domestically produced
cars PVC-containing foil, cables and coated fabrics are applied. It is assumed that the
total PVC-stock for these applications in 1994 can be calculated on the basis of the
ratio of the total number of cars (3,619,000) and newly licensed cars (160,000).
Apart from the PVC in the above-mentioned materials, additional PVC enters Sweden
with imported cars. In 1994, 2,100 new trucks were licensed (KemI, 1996). On
average, about 100 kg PVC in tarpaulins is used for a truck (Norsk Hydro, 1996): a
total new use of 210 tons. This material is not produced in Sweden but all imported.
The formulation is assumed to be similar to coated fabrics. The total amount of
licensed big trucks in Sweden is about 58,000 (SCB, 1996). With 100 kg per truck this
gives. 5,800 tons tarpaulins. Further, about 2/3 of the 160,000 newly licensed cars in
1994 are imported. A considerable number of them has PVC undercoating. We have
estimated this at a conservative 60 %, resulting in the assumption that 40 % of the
Swedish cars have PVC undercoating. In general such undercoatings have a weight of
12 kg/car (Norrthon, 1994). This consists of 4 kg PVC, 4 kg plasticiser (assumed:
DEHP) and 4 kg of other material (Poppe, 1996b). For 1994 an import of 256 tons
pure PVC with undercoating can be calculated. The total stock is calculated on the
basis of new cars in 1994 and the total number registred.
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APME (1996) assumes that a car and a truck have a life time of about 12 years. This
means the cars and trucks sold in 1982 will become available in the waste stage.
Counting with 218,000 cars and 18,000 trucks licensed in 1982, and a plastic content
in that production year of 70.2 and 107 kg, APME estimates the amount of automotive
plastics waste at 17,000 tons. This is in fair agreement with SNV (1996). PVC counts
for 20 % of the plastics used in the European automotive industry; this would mean an
amount of PVC in the waste stage of 3,400 tons including additives and plasticisers.
The amount of pure PVC is calculated on the basis of the average fraction of PVC in
the total new use in 1994. Table 11.6.1 gives a review of these material flows.
Table 11.6.1: Use stage for PVC in the automotive sector (in ton)
Cables
-PVC
- DEHP (50 phr)






- DEHP (55 phr)






- DEHP (55 phr)



































































* Of which: undercoating 100 % import (no export), the rest 66 % import (equal to
export). For cables, for the sake of simplicity the current recipe has been used to
- calculate the DIDP and DEHP stock. Since DIDP has only recently penetrated the
market, this will give an underestimation of the DEHP stock.
11.6.2 Emissions
The car undercoatings are exposed to the influence of the weather. With respect to
phthalates, only for this part the emission factor of 0.5 % to weathering for outdoor
use is applied. As with building applications, here also it is difficult to identify the
compartment to which it is emitted: soil or water. The best assumption could be made
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by estimating the amount of car-kilometres on roads with a sewage system and roads
without such a system. Such data are not available to us. As a best guess, we estimated
the emissions to soil and water at 50 % of the total emission each. For emissions to
air, the emission factor of 0.01 % of Peijnenburg has been used (see the former
paragraph). Table 11.6.2 reviews the calculated emissions to air, water and soil, ma-
king use of the estimated accumulated amount of plasticiser given in table 11.6.1. The
dominant emission is from the car undercover. For a better estimate, more precise data
on the number of cars with PVC coatings have to be available, as well as more reliable
emission factors. The same applies for the emissions to air.
For cars, eventual VOC-emissions in the use phase from flexible PVC are neglected.
The amounts of PVC are relatively low. Application of the emission factors for the use
of flooring would lead to negligible VOC-emissions compared to other sources in the
PCV-chain.
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11.7 Electronic applications
11.7.1 Mass flows
Sections 4 to 10 allocate a certain use of several intermediate products to the
construction of electronic and similar equipment. It concerns profiles and cables. The
import of such articles is assumed equal to the export. Table 11.7.1 reviews these data.
The new use of plastics is in the lower range of the estimates that can be calculated
with data from SNV (1996): a yearly consumption of 550,000 tons electrical products
consisting for 15-30 % of plastic. Since PVC accounts for 4 % of the plastics in the
electronics industry, a total of 3,300-6,600 tons can be calculated. However, compared
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with calculations made with data of APME the figure is maybe too high. APME
(1996) estimates the use of plastics in the Swedish electronics industry at 30,000 tons.
With 4 % PVC this would mean 1,200 tons of PVC. Even if cables are not taken into
account as PVC input in the electronics industry, the total use in table 11.7.1 is too
high. An explanation could be that Sweden is a net importer of electronic goods, whe-
reas the assumption is that the import is equal to the export.
According to SNV, the accumulated amount of electronical products is 6.5 times the
consumption in the nineties. We assumed that the accumulated amount had the same
recipes as the new use. The yearly amount of electronic waste is 200,000 ton, which is
36 % of the consumption. This means electronic equipment is still accumulating in
society (SNV, 1996). Most of it will be disposed of as domestic or non-specific
industrial waste. With the factors 6.5 and 0.36 the stock and the amount of waste is
calculated.































As for cables in cars, here also the current recipe was used to calculate DIDP and
DEHP stocks. This might have given an overestimation of the amount of DIDP in
stock.
11.7.2 Emissions
It is assumed that no outdoor use of electronic equipment takes place. For emissions of
phthalates to air, the emission factor of 0.01 % of Peijnenburg has been used. Possible
VOC-emissions from flexible PVC are neglected. The amounts of PVC are relatively
low.-Application of the emission factors for the use of flooring would lead to
negligible VOC-emissions compared to other sources in the PCV-chain. Table 11.7.2
reviews the calculated, minimal emissions to air, making use of the estimated accumu-
lated amount of plasticiser given in table 11.7.1.
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It is estimated that every year about 2,000 tons PVC is used for artificial leather and
similar textiles, containing 55 phr DEHP and 10 phr DIDP (see section 8.4). About
1,500 tons is used in camouflage fabrics. A reasonable life-time for these materials is
10 years (PVC Forum, 1995). With this data, the total accumulated amount is esti-
mated at 35,000 tons PVC. Assuming a steady state situation the yearly volume of
waste will be about 3,500 tons. About 1,500 is camouflage fabrics, which will be non-
sector specific waste. The coated fabrics will be partially used by households and
partially in industry or similar organisations. Here it is assumed that of the 2,000 tons
waste about 1,000 tons is domestic waste and 1,000 tons is non-sector specific waste.
Table 11.8.1 reviews these data.
Table 11.8.1: Use stage f or coated fabrics (in ton)
Artificial leather
-PVC
- DEHP (55 phr)
- DIDP (10 phr)
Camouflage fabrics
-PVC
- DEHP (55 phr)






























With respect to phthalates, it is assumed that for rain clothes and similar material the
emission factor of 0.5 % due to weathering can be used (Sundmark, 1995c;
Peijnenburg, 1991). It is estimated that these fabrics are only used for 5 % of the time
outdoor; this results in an emission factor of 0.025 %. For camouflage fabrics it is
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assumed they are mainly used in rural areas: they then cause an emission to soil. For
coated fabrics, the estimate is uncertain. It is assumed that they are used for 50 % in
rural areas (emission to soil) and for 50 % in urban areas, in places where the run-off
from streets is collected (emission to water). For emissions to air, the emission factor
of 0.01 % of Peijnenburg is used. Possible VOC-emissions from flexible PVC are
neglected. The amounts of PVC are relatively low. Application of the emission factors
for the use of flooring would lead to negligible VOC-emissions compared to other
sources in the PCV-chain. Table 11.8.2 reviews the calculated emissions, making use
of the estimated accumulated amount of plasticiser given in table 11.8.1.
Table 11.8.2: Emissions from the use of coated fabrics (in ton)
Emission factor
Artificial leather
- DEHP (55 phr)
- DIDP (10 phr)
Camouflage fabrics
- DEHP (55 phr)






























11.9 Medical applications and packaging
According to sections 4 to 10, several applications of PVC are used for packaging and
medical applications. It is assumed that these are all short life applications, that do not
accumulate in the society and are transferred to the waste stage in the same year. Due
to the small amounts used and the fact that no accumulation takes place the possible
emissions of plasticisers and VOC have been neglected. All medical applications will
be disposed of as medical waste. Packaging waste will be partially domestic waste and
partially non-specific industrial waste. Table 11.9.1 gives a review of these flows.
11/61
























Sections 4 to 10 mention several other applications, including office equipment. The
use of such applications is listed in table 11.10.1, including the plasticisers that the
products contain. The accumulated amount has been estimated at a life-time of 10
years and the assumption of a steady-state situation. This also means that the amount
of waste is equal to the new use. The waste type will be mainly industrial waste.





- DEHP (25 phr)
Other flex.film and foil
- PVC
- DEHP (25 phr)
Other plastisol
- PVC























































A major problem in estimating the emissions of this category is that the percentage of
outdoor use is not known. It seems reasonable that a certain amount of flexible foil and
tube is used in outdoor applications. For outdoor applications, the emission factor of
0.5 % due to weathering etc. can be used for phthalates (Sundmark, 1995c;
Peijnenburg, 1991). As with coated fabrics, we assumed that this emission factor can
be used in 5 % of the applications: for foil and plastisol the most important specific
outdoor uses are already given in the other segments. However, it is clear that here a
mistake of a factor of 5 could easily be made. For emissions to air, the emission factor
of 0.01 % of Peijnenburg has been used. Possible VOC-emissions from flexible PVC
are neglected. The amounts of PVC are relatively low. Application of the emission
factors for the use of flooring would lead to negligible VOC-emissions compared to
other sources in the PCV-chain.
Table 11.10.2 reviews the calculated emissions to air, soil and water, making use of the
estimated accumulated amount of plasticiser given in table 11.10.1.
Table 11.10.2: Emissions from other applications (in ton)
Emission factor



































In the present situation, most of the PVC waste in Sweden is landfilled or incinerated.
In the base year 1994 recycling still plays a minor role, partially since the recycling
industry still has to be built up and partially since the majority of the PVC is applied
in long-life applications, so that the amount of PVC in the waste stage is still rather
limited. However, clear initiatives are taken to enhance the amount of PVC that is
recycled, including for profiles/window frames and cables. Also a PVC recycling
scheme for pipes has become available recently. These activities will certainly have
their effect in the long term.
This section discusses the mass flows and emissions related to PVC in the waste stage.
The next paragraph discusses the mass flows. After that, the emissions related to
landfill and incineration are discussed.
12.2 Mass flows and composition
Section 11 indicates which amounts of PVC will be disposed of as waste. A review of
the waste flows is given in table 12.2.1. This table also indicates very roughly the
scarce literature data that are available for the PVC or plastic contents in the waste
stage. For each waste category those data are discussed in this paragraph. The total
waste volume is rather high compared to the production of about 100,000 tons. This is
partially due to the fact that Sweden is a net importer of PVC in products, so that the
actual PVC use is higher than the production. Also, for quite a lot of uses no specific
data on accumulation and waste were available. In these situations, a steady-state
approach has been used to estimate the waste volume. For sectors where in fact a net
accumulation still takes place this might have resulted in an overestimation of the
amount of PVC waste.
Domestic waste
In Sweden annually 3,200,000 tons of domestic waste is disposed of (SNV, 1995).
This waste contains about 0.1 % chlorine from PVC. Since - depending on the additive
content - PVC consists for 50 % of chlorine, this gives an estimate of 6,400 tons of
PVC- from domestic sources. Excluding plasticisers etc. this could be 5,000 to 6,000
tons pure PVC. This equals roughly the sum of the calculated packaging, electronic,
and coated fabrics waste (the small amount of flooring waste is for the sake of
simplicity neglected and totally allocated as building waste). It thus seems that the
calculated amount of PVC in domestic waste is within reasonable agreement with the
measured values. The amount landfilled is about the same as the amount incinerated. It




Our calculated amount of PVC building waste is 23,030 tons PVC. The amount of
building and demolition waste disposed of under municipal auspices amounts to about
1,200,000 tons a year (SNV, 1995). According to SNV the amount of plastics is 3 to
10 %, which would mean 36,000 to 120,000 tons of plastics. Since PVC is the
dominant plastic used in the building area, this would mean an amount of PVC waste
of at least 18,000 to 60,000 tons. The last figure especially seems too high. An amount
of plastics waste of 120,000 tons is also high compared to the annual plastic use in the
building sector of 125,000 tons (APME, 1996). APME estimates that only 15 % of the
plastics consumption will end up in the waste stage, and calculates a figure of 19,000
tons. This number is also used in another report of SNV (1996). If PVC makes up 50
% or more, this would lead to 9,500 tons PVC in building waste. Given the fact that
this figure is including additives, it is a low value compared to the amount calculated
by us. No explanation is given by SNV or APME of why the amount of plastic waste
could be so much lower than the use. In sum, the margin of error in the data on the
composition of building waste is so high that they can neither confirm nor deny the
calculated amounts of PVC in building waste. We assumed that virtually all building
waste is landfilled. Only for flooring do we expect that a minimal amount (500 tons) is
disposed of via the structure for domestic waste, resulting in 50 % (250 ton)
incineration for this category.
Car wrecks
According to SNV (1995), the amount of auto salvage is about 100,000 tons. We
assume this is the remainder of 25 to 30 % of car shredding after the ferro and non-
ferro fraction has been removed. Assuming a life-time of 12 years, the 218,000 cars
and 18,000 trucks sold in 1982 now will enter the waste stage (APME, 1996). With a
weight of 1,000 to 1,500 kg per car or truck, and 25-30 % shredder residue the
100,000 ton is somewhat higher than theoretical expected. In an other report of SNV
the amount is estimated at 50,000 tons (SNV, 1996). Of this amount, 30 % is plastic.
Since 19 % of the plastic used in cars is PVC, this results in an amount of PVC of
3,000 to 6,000 tons of (formulated) PVC. This is in reasonable agreement with the
2,300 tons pure PVC estimated in section 10. At this moment, all waste from car
wrecks is landfilled (SNV, 1995).
Sector specific waste
In principle, when PVC products are made a fraction of this PVC will become
available as waste. Since these processes are discussed in the former sections, the
amounts of waste should have been reported there. In general, in the other sections the
production of PVC process waste is neglected. In the Dutch situation, due to internal
recycling the total amount of PVC waste disposed of from production processes is
about 2 % of the use (Caesar, 1992). With an annual use of 100,000 tonnes PVC in
production processes in Sweden, this might mean that 2,000 tons of PVC waste have
not been taken into account.
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Other
The categories medical waste, waste from office equipment, camouflage coating and
waste from other applications are in total about 16,550 tons of PVC waste. SNV
(1995) reports an amount of 2,000,000 tons non-sector specific waste, of which 80 %
is landfilled. This waste consists for 7 % of plastics, which means about 140,000 tons
of plastics waste. According to APME (1996), in the total figure for post-user plastics
waste for Europe PVC has a share of about 10 %. If this figure can be applied to the
Swedish situation as well the calculated amount of PVC in non-sector specific waste is
in reasonable agreement with the data on plastics waste of SNV. However, the
uncertainties in these comparisons are high. SCB (1995a) published a survey on
industrial waste, in which the total amount of non-sector specific waste was estimated
at 205,000 tons, of which 16,000 tons were plastic waste. This does not correspond at
all with the data mentioned before. APME (1996) estimates on the basis of theoretical
calculations the amount of plastic waste from distribution and large industry on 65.000
tons. However, the calculated value of 16,550 tons PVC in non-sector specific waste
seems at least not to be denied by those data. Therefore the 16,550 tons is taken as a
basis for further calculations. As stated above, about 80 % is landfilled. We assume
that the other 20 % is incinerated.
Table 12.2.1 reviews the PVC flows in the waste stage. We assumed that the PVC-
formulation of the waste is identical to the PVC products produced in 1994 (see
chapters 4 to 10). This way, we calculated the composition and caloric value of the
PVC waste flows. We assumed that Ba/Zn and Ca/Zn consist of 50 % Zn and 50 % Ba
or Zn. The caloric value of pure PVC was estimated on 17 MJ/kg and phthalates on 40
MJ/kg (comparable to oil). Components like pigments, processing aid and bonding
agent had to be negelected, since no composition is available. Except for pigments the
relative mass of potential toxic elements seems negligible for these components. The
breakdown of flows of individual components to incineration and landfill shown in the
table was calculated on the basis of the amount incinerated and landfilled of the
individual PVC products and their composition.
12.3 Incineration
In its work to draft the Environmental Impact Assessment of the Dutch Hazardous
Waste Management Plan, TNO has constructed mass balances and emission factors for
Municipal Solid Waste Incinerators MSWIs (TNO, 1996). Such mass balances are
necessary to calculate the fate of the input in the incinerator, in this case PVC. Due to
the strict time restraints for the study in phase 1, it was decided to use these data and
not to inventory specific data for Swedish incinerators. We found specific Swedish data
are only available for a very limited number of interventions, like a small number of
heavy metals and NOX (Person, 1994; Finnveden, 1995b). Since both Sweden and the
Netherlands have very stringent emission regulations, the differences can be regarded
as relatively small. However, specific data for Sweden would have been preferable.
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Explanation: All additive flows have been calculated on the basis of the recipies for new PVC (see chapter 4 to 10). Only for cables
a correction was made for the fact in the past DEHP was the main plasticiser instead of the now used DIDP (see chapter 11 )
In the further calculations it is assumed that Ca/Zn and Ba/Zn stabiliser consist for 50 % of zinc
In the work for the Dutch EIA even important differences between several Dutch inci-
nerators were found (Tukker, 1996a). Finnveden (1995b) published a mass balance for
the Uppsala incinerator plant. In general, his emissions of heavy metals were about a
factor of 2 to 3 higher than used here. Another indication of the uncertainties are the
LCA Inventory data for PVC incineration used by Person et al. (1994). They adopt an
emission of 2.9 kg NOX per ton PVC, apparently a value for an incinerator without
DeNOx. For the average Dutch incinerator equipped with DeNOx this is would be 0.45
kg. On the other hand, Person's C02-emission values are virtually the same as ours. In
brief, our approach will lead to an uncertainty factor from 2-3 up to a factor of 6 at
most in emission figures.
In the calculations a distinction is made between process-related and component-related
emissions. The component-related emissions are a function of the composition of the
waste. By a mass balance approach, it is calculated which part of the component is
emitted to the air, to water and which part ends up in the fly ash or slag. The process-
related emissions like VOS, NOX can not directly be allocated to an individual waste
stream. In general, such emissions are allocated on the basis of the flue gas volume
created by the waste. Since flue gas volumes are not always known, as a second ap-
proximation the caloric value of the waste is widely used. The idea is that high caloric
waste in general will contribute most to the formation of CO2, that is the most impor-
tant for the stack gas volume. Table 12.3.1 gives a review of the mass balances and
interventions for MSWIs used in this study. The process-related values in the table are
valid for average Dutch Municipal Solid Waste with a caloric value of 10 MJ/kg.
Other assumptions in the calculations are:
21.5 % of the caloric value can be converted into electricity (which might be
too high a value for Sweden, since not all MSWIs produce electricity);
27 % of the caloric value is used to generate heat ;
the electricity needs of the MSWI itself are 500 MJ/ton waste, mainly for flue
gas cleaning;
for flue gas cleaning NaOH and CaOH is needed; the volume is related to the
amount of acidifying components in the waste (like chlorine or sulphur);
slag and fly ash are (in contrast to the Dutch situation) totally landfilled. Very
rough estimates, only to be used for preliminary calculations, are that under
these conditions 0.1 % of the metal leaches out to the soil over the whole life-
time the material is landfilled (Tukker, 1996; AOO, 1995). In this SFA, there
is the additional problem that the emissions in 1994 (from all PVC landfilled)
have to be estimated. For simplicity's sake, we assumed here that the emissions
in 1994 from the metals accumulated in landfills in the last 30 years will be
more or less the same as the emissions that can be expected from the amount
of metals landfilled in 1994 during the surveyable time period that this material
is landfilled. The surveyable time period is defined as the time to reach a
pseudo-steady state in a landfill, and is at this moment provisionally set at 100
years (Finnveden, 1995b). Finnveden gives some estimates for emission
factors for metals we decided to use here instead of AOO's values.
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is the additional problem that the emissions in 1994 (from all PVC landfilled)
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- From the total mass flow in slag, fly-ash, gas cleaning residue (Gcr) and sludge the mass flow in MSWI-residues is calculated. Emissions to air and water have been taken from (AOO, 1995)
- From these mass balances in tons the theoretical composition of the waste input is calculated. Also on this basis a mass balance in % is shown.
- The leaching of MSWI residues to soil is 1 % in materials re-used and 0.1 % in material landfillcd Slag is assumed to be 100 % and fly ash for 72 % re-used.
- The emission of EOC1 and H2S is assumed to be proportional with the Cl and S contents of the waste.
- The own electricity used is estimated on 500 MJ/ton. The flue glas cleaning needs 3 kg NaOH en 4,5 kg CaO per ton afval at the given Cl and S content of the waste and is assumed proportional with the
acid forming potential related to the Cl and S content of the waste
- The use of NH3 and active carbon for flue gas cleaning is neglegted.
The emission factor for lead is 6* 10s kg/kg to water. For most other metals he
gives estimates of about 1*10^* kg/kg, e.g. for zinc 2*10"" kg/kg. Finnveden's
estimated uncertainty is up to a factor of 100. We used his factors to calculate
the emissions from metals out of the incinerator residues. No leachate treatment
is assumed, though for quite a lot of landfills this might result in a worst case
estimate since they actually treat their leachate.
The volume of slag is calculated on the basis of the ash content of the waste.
The volume of the dry residue, the flue gas cleaning residue is calculated on
the basis of the chlorine content, since this amount is mainly influenced by the
amount of salt created in the flue gas cleaning. Since the chlorine is released as
HC1 in the incineration process, and is neutralised with NaOH, landfilling of
the Na-ions is causally related to the incineration of PVC. We therefore
allocated the Na also to the landfill volume. To be as complete as possible, we
added the amount of stabilisers in the incinerated PVC to the landfill volume.
The mass balance of Tukker (1996) shows that virtually all metals like Zn and
Pb end up for almost 100 % in the incinerator residues.
12.4 Landfill
The behaviour of PVC in landfill in the long term is not well known. For the short
term, most authors state that virtually no leaching of stabilisers or degradation of PVC
takes place (Plinke, 1994, Sundmark, 1995a and 1995b, Tukker, 1995a). Other authors
mention a 1 to 5 % degradation in the 'surveyable time-period', even with HC1 or VCM
formation (Sundqvist, 1995). Since in our case we have to deal with PVC that is at
maximum landfilled for 30 years, we assumed a zero degradation here. No serious jud-
gement can be given on the long term behaviour at this stage. This is, by the way, not
important for this SFA since only the actual emissions in the year 1994 are taken into
account. The emission and transformation of plasticiser is more likely. Here only
degradation of plasticiser is taken into account. Some very rough methods have been
developed that allocate emissions from landfills to the input of a specific waste (Min-
garini et al. 1995; Eggels et al., 1995; Finnveden et al. 1995d). In this SFA, there is
the additional problem that the emissions in 1994 (from all PVC landfilled) have to be
estimated. For simplicity's sake, we assumed here that the emissions in 1994 from the
plasticisers accumulated in landfills in the last 30 years will be more or less the same
as the emissions that can be expected from the amount of plasticisers landfilled in 1994
during the surveyable time period that this material is landfilled. Sundqvist (1995) and
Mingarini et al. (1995) give some rough rules of thumb by which emissions from
plasticisers can be estimated:
70 % of medium degradable carbohydrates will degrade. We have assumed that
phthalates, that consist for about 75 % of carbon, are medium degradable
components;
about 1 % of the degraded carbon will flow out with the leachate. The amount
of COD is 3 times the amount of carbon in leachate. The amount of BOD is
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0.75 times the amount of carbon in leachate;
of the remaining 99 % degraded carbon, according to Mingarini et al. (1995)
for carbohydrates in general 50 % is transformed into CH4 and 50 % is
transformed into CO2
2;
50 % of the methane formed is recovered and used for energy production;
Finnveden (1995a) gives some estimates for emission factors for metals. The emission
factor for lead is 6*105 kg/kg to water. For most other metals he gives estimates of
about 1*10"* kg/kg. Finnveden's estimated uncertainty is up to a factor 100. We used
these factors to calculate the emissions from metals out of the PVC. No leachate
treatment is assumed, though for quite a lot of landfills this might result in a worst
case estimate since they actually treat their leachate.
Tables 12.3.2 and 12.3.2 review these data. It has to be stressed that all these data are
only a very rough estimation of the reality, and that uncertainties in the calculated
emissions could be one order of magnitude or more. Specifically the methane
formation for plasticisers is quite questionable. Plasticisers indeed degrade reasonably
under aerobic circunstances, which would give indeed mainly CO2. But under
anaerobic circumstances phthalates seem quite poorly degradable (Peijnenburg, 1991),
which would mean that methane formation in the methanogenic phase of a landfill is
not probable. A consequence, though, would be that relatively high amounts of
phthalate would stay present in landfills.
Apart from the emissions of the degradation processes, the interventions related to
handling the waste at the landfill site are also given. This is mainly diesel and
electricity for landfill-handling activities. Values of 42.5 MJ/ton diesel use and 4.14
MJ/ton electricity use have been taken from Eggels (1995). His data are rather good
and in agreement with those of Person (1994). The rather high diesel use of 800
MJ/ton given by Mingardi et al. (1995) is not in accordance with those authors and has
been neglected. The energy use given has to be allocated both to the plasticisers and
the PVC that is landfilled. The fact that PVC does not degrade has of course no
influence on the fact that the PVC has to be transported and compacted in the landfill.
The direct exhaust gas emissions related to the 42.5 M J diesel per ton needed for
compacting have been calculated making use of an inventory table from the EIA on the
Dutch Waste Management Plan 1995-2005 (AOO, 1995). Emissions related to the
winning and production of oil are not included, since they take place (partially) outside
Sweden and have been excluded from the system under study in the SFA.
Both Sundquist (1995) and Finnveden (1995b) give a more sophisticated formula to
estimate the relative amounts of breakdown products like methane, CO2 and water as a
function of the chemical formula of the component. Given the very provisional state of
the art with regard to modelling landfill emissions in LCA, it is unlikely that using that
formula will significantly improve the quality of our emission estimates.
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Norrthon (1994) estimates that the total amount of PVC flooring, coated fabrics and
soft foil that has been landfilled is 230,000 tons. With 25 to 50 phr plasticiser this
means 60,000 to 115,000 tons phthalates in landfills. Since the amount of PVC and of
plasticiser accumulated in landfills, particulary with flooring, is thus relatively high, the
knowledge gaps related to PVC and platsiciser degradation can have serious
consequences.











1 % to leachate
1 ton C = 3 ton COD
70 % degraded
1 % to leachate
1 ton C = 0.75 ton BOD
70 % degraded
99 % to air
50 % to CO2
1 ton C = 3.66 ton CO2
70 % degraded
99 % to air
50 % to CH4
50 % to air
1 ton C = 1.33 ton CH4
see CH4 to air
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13 Processes outside the system of the PVC-SFA
13.1 Introduction
As explained earlier, this SFA concentrates on an inventory of the emissions in a
system limited to the processes in the PVC-chain in Swedish territory in 1994. Only
the production of the precursors chlorine, EDC and VCM have been included, as far as
this production takes place in Sweden. In essence, this SFA tries to identify
environmental priorities related to the use of a substance in a region: the so-called
regional approach as defined by van der Voet (1996). As a consequence, not all
processes have been included that contribute to a functioned unit of a product made
with PVC. Our approach is thus fundamentally different to the functional approach
followed in LCAs.
In order to gain a certain insight into how important the neglected processes are, this
chapter reviews the environmental impacts related to the production of the other main
materials and ancillary materials used in the Swedish PVC-chain. We used some
common available data from LCA-databases. It has to be stressed that these inventory
tables in principle can not be used directly in this SFA. The LCA-data are aggregations
of emissions of a number of processes that take place in geographically very different
locations. E.g. an inventory table of ethene may contain average data for oil winning in
the North Sea, data for an oil refinery in Holland, and data for cracking to ethene in
Sweden. In a purely regional approach, only the cracking process should be included in
the SFA.
When using LCA-inventory data, in fact one has to create a (non-exising) hypothesis:
that all processes included in the inventory table hypothetically take place in Sweden.
We used this approach only to get insight in the potential importance of processes in
the upstream chains related to the processes in the PVC-chain in Sweden.
All previous chapters list the amount of electricity and other resource uses in the
processes in the Swedish PVC chain. Table 13.1.1 reviews these data and gives the





The impacts related to the production of these substances are reviewed in the next
paragraphs.
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Remark Allocation on the basis of economic value of the products of a multiple-output process (see part II)
13.2 Phthalates, stabilise» and pigments
Information on the environmental interventions related to the production of phthalates,
stabilisters and pigments is extremely difficult to get. Most studies concentrate on the
effects related to the use and waste management of (products containing) these
materials (e.g. KemI reports, Stuurgroep PVC en Milieu 1990, 1991a and 1991b,
Moller et al, 1995, etc.). Even for these phases, LCA-studies in most cases neglect
emissions of these substances totally (e.g. the VITO-study on PVC-packaging; see
Lindeijer and Reijnders, 1995) or partially (v.d. Berg, 1996).
The latter so-called Gastee study (on pipes) included the production of stabilisers and
pigments. Emissions were very roughly estimated by using a default loss of 1 % to
water of each primary material used in the production (v.d. Berg, 1996). TNO (1992)
estimates the losses of cadmium pigments or stabilisers during the production and
application in the manufacturing of PVC-products on 0.1 % to water and 0.2 % to air.
Losses in the application (manufacturing) stage could be about 0.1 % to air (Eijsen,
1993). It is unclear whether from these data it can be concluded that losses for the
production stage alone could be in the order of magnitude of 0.1 %. Nor is it clear
whether such losses can be expected for other than cadmium-containing pigments and
stabilisers. For comparison: the emissions to air by the Dutch pigment industry are
about 2.6 ton zinc and 9.2 ton lead on a total pigment production of 55,000 ton. VOC
emissions are about 189 tons (0,3 % VOC per ton pigment), Nitrogen emissions to
water are 778 tons (1,4 % N per ton pigment) and COD to water 112 tons (0.2 % per
ton pigment) (Etman, 1994). A breakdown to individual pigments is not available.
However, if losses up to 0.1 % were to occur in the production stage of stabilisers and
pigments containing lead, organotin and zinc, they are significant compared to other
losses in the PVC-chain. Also VOC and nutrifiying emissions could be significant.
The major amount of ancillary material used in the PVC chain are phthalates. These
are produced by a reaction between C7-C10 alcohols with phthalic anhydride. Table
13.2.1 gives emission and energy-use data for a Dutch phthalate plant with a
production volume of 220,000 tons a year for 1992 (v. Ewijk, 1992). Both the alcohols
and the phthalic anhydride are produced on location. Olefines for the alcohol
production and orthoxylene for the phthalic anhydride production are obtained from
third parties; since the site is phthalic anhydride deficient, about 50 % of this material
is obtained from third parties as well. Energy use is only known for the phthalic
anhydride production. For these reasons, table 13.3.1 does not give a complete
inventory table for the phthalate production. However, taking into account the yearly
phthalate use in Sweden is about 10 % of the capacity of the Dutch plant, table 13.3.1
can be used to estimate whether the environmental interventions of the phthalate
production are significant. It seems that emissions are not totally negligible compared
to those from the PVC-chain study, but that they are of relatively minor importance.
Exeptions might be the emissions of organic carbon and cobalt to water.
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Table 13.2.1: Preliminary inventory table for the production of phthalates (excluding











































Excluding phthalic anhydride production
Excluding alcohol- and final phthalate production
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13.3 Electricity and ethene
For electricity and ethene generally accepted quantitative data were available. The
inventory tables used are given in table 13.3.1. For ethene data from Frischknecht
(1994) have been used. The data for electricity have been taken from Vattenfall (IVF,
1995).
With regard to electricity, the emissions per MJ are very low compared to e.g. average
European or Dutch emission data. This is caused by the fact that in Sweden virtually
no fossil fuel is used for electricity generation. About 50 % of the electricity is
generated by hydropower, the other 50 % is generated by nuclear power (SCB, 1996).
Of course this gives Nordic production processes with an important electricity use an
apparent, but also quite questionable, advantage over production processes elsewhere in
Europe. The main question is whether it is permissible to allocate the benefits of a
(coincidental) favourable electricity generation on national level to the processes in this
nation, or in fact a regional average like the European Grid has to be used. On this
allocation problem no consensus is available. We decided to use the specific Swedish
data, since imports and exports of electricity from Sweden seem rather unimportant and
to indicate the consequences of this choice in the conclusions of the study.
Environmental interventions related to the ethene production have been taken from
Frischknecht (1994). We analysed which substances from which sub-processes made
the most important contributions to environmental theme scores. The following
conclusions were possible:
global warming is caused for 92 % by CO2 and for 7 % by methane emitted
from various steps in the production chain;
smog formation is mainly caused by ethane;
acidification is mainly caused by sulphur- and nitrogen oxide in the refining
process;
nullification is mainly caused by nitrogenoxide from the refining process;
aquatic ecotoxicity (AETP) is for 80 % caused by phenol emissions during oil
winning and for 11 % caused by nickel emissions due to incineration of oil
residues in refineries;
terrestrial ecotoxicity (TETP) is for 64 % caused by cadmium emissions to the
air during oil winning and for 30 % caused by vanadium emissions due to
_ incineration of oil residues in refineries;
human toxicity (HTP) is mainly caused by vanadium (53 %) and nickel (26%)
emitted to air due to incineration of oil residues in refineries;
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Table 13.3.1: Inventory table af aggregated proces of ethene production (Frischknecht, 1994).






















































































































































































































































































































































































































































































































Table 13.3.1: Inventory Table of aggregated proces of ethene production (Frischknecht. 1994).

























































































































heat waste to air
heat waste to water










































































































































































































































Table 13.3.2: The environment load to produce l M J of electricity (IVF, 1995)
Materials used
1.5
1.5
0.18
0.003
0.21
g
g
g
g
g
g
Oil
Coal
Gas
Gas
Peat
Water
Emissions to air
3800
2,1
6,7
9,2
0,42
0,14
1,1
0,07
Emissions to wa-
ter
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
C02
CO
S02
NOX
N20
voc
CH4
HC
HF
Dust
cr
F
FE
NH3
NO3--N
Na+
S04
CsF6
Nuclear waste
Emissions to land
70
30
mg
mg
Ashes
Nuclear waste
